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Never i n  the h i s tory of m a n  has  the wor l d  adva nced so ra p i dly. Fifty 
yea rs ago, todays wo rl d would have been science- ficti o n . Yet, through  
11sci e nce- fact"  we  l i ve i n  a na t i o n  wh ich  i s  nuclear  po1tJered, computer ized , 
s pace ex p l o r i ng a nd di sease co nquer i ng. 
However , these adva nces a re a l so accompa n ied by modern  problems . We 
face i nfla t i o n ,  po pul a t i on expl os i o n ,  nucl ear �ro l i fera t i o n , a nd env i ron­
menta l /resource deg rada t i o n . 
The to p i c  of automa t i o n  f n  o ptometry may seem out of place i n  t h i s  
co ntex t. Yet, i t  i s  i nev i ta b l e  tha t scientific  a nd soc i a l  revolut ions  w ill 
have pro found effects o n  optometry. 
No pro fes s i o n  ca n reep the benefi ts of today ' s  soci ety wi thout fi rs t 
faci ng  i ts cha ng i ng probl ems a nd atti tudes . Al so, we s hould ex pect cha nge 
to co nt i nue even  more rap idly tha n today. 
Some v i ew automati o n  as a rad i ca l  cha n ge w h i ch wi l l  des troy ma ny com­
po nents o f  the profes s i o n a nd doctor-pa t ient  rela t i o ns h i ps . 
Others v i ew automat i o n  i n  o ptometry a s  s i mpl y adva nci ng i ns trumenta t i o n  
a nd d i a g no s ti c  sco pe a nd potent i a l s o f  the pro fes s i o n  for the good o f  a l l .  
In  order to do jus t i ce to the top i c  o f  automati o n  a nd its i m pact o n  
o ptometry, we s ha l l f i r s t  prov ide a s how- room-model ill us tra t i ng the po tenti al 
cha nges o f  automat i o n. 
Then we s hall ana l yze t he assumpt i o ns a nd i mpl ica t i o ns o f  each a s pect o f  
the futur ized model . 
1.  
F i na l l y , concl us i ons w i l l  be drawn , a fter a n  unders ta nd i ng o f  all the 
parts are gras ped a nd the model ca n be rea s sembl ed to see if i t  c a n  pa s s  the 
" road- tes t "  each i nd i v idual o ptometr i s t  has  persona l l y  co ncei ved before 
wel comi ng  or feari ng i ts arr i val . 
Those who do no th i ng about the future mus t  accept i t  w i thout compl a i nt .  
A thes i s  o f  t h i s  na ture w i l l  a t  least prov i de a comprehens i ve l oo k  a t  some 
future cro ssroads i n  tec hnol ogy a nd po ss i bl y  s pur a few i magi na ti ve mi nds i nto 
a c t i o ns w h i c h  w i l l al l ow these pro bl ems to be a nswered i n  a man ner wh i c h  
sus ta i ns optometr i c  pro fes s i o n a l i sm wh i l e  cont i nu i n g to pro vide max i mum qual i ty 
v i s i o n  serv i ces. 
Th i s  pa per wi l l  a t tempt to put i n to a n  o p tometr i c  perspec t i ve area s 
such as: 
AUTOMATION: AN HISTORICAL PERSPECTIVE 
THE IMPACT OF AUTOMATION: A MODEL 
AUTOMATION: I S  IT N EC ESSARY ? 
THE  CONNECTION BETWEEN AUTOMATION ,LIJI() H EAL TH L E G I S LAT ION  
TH E TECHNICIANS ROL E  IN AUTOMATED OPTOMETRY 
PATI ENT RES PONS E fl.N D  ACCEPTANCE 
AUTOMATION AND THE I ND IV UDUAL O PTOMETR I ST 
FUTUR E RO L E  AND  SCO PE OF O PTOMETRY 
I NTER PRO FESS IO�AL RELAT IONS 
COST: MONETARY 
COST: PRO FESS I ONAL (WILL AUTOMATION BE ACC E PTED ) 
2. 
AUTOMATION: AN H I STOR ICAL PERS PECTIVE  
A mere forty years ago the  word automati on d id  not ev en appear in  the  
d i c t i onary. Today, it  is defined as : 11th e tec hni(jue  of mak ing an i ndustr i al 
process or system operate automat i cal l y; by ex tens i on ,  the  use of el ec tron i c  
o r  other mec han i cal dev i c es to r epl ac e  human l abor, " ( Ox ford-English  
Di c t i onary : p .  1 59, 1 972) . 
Pred i c t i ons of advances i n  sc i enc e and technol ogy g eneral l y  hav e been 
notabl e for inacc uracy. As an a id  to est i mat i ng t h e  i mpac t o f  a u tomation 
on optometry one must refl ec t on the  m i l  es tones \I/h i  c h  brou ght  the  profess ion 
to i ts present state: 
Read i ng gl ass ( Roger Bacon , 1 26 6 )  
S pectacl es ( i n V eni c e ,  1 270 ) 
Prisms ( Kepl er, 1604) 
Refrac tor ( Zahn, 168 5 )  
B i focal ( B enjami n  Frank l i n, 1775 ) 
Cyl i ndr i cal l enses ( A i ry, 1827) 1 
Crossed cyl i nder ( S tokes , 1849 ) 
As one can see th e technol ogi cal advances i n  opti cs into the  nineteenth 
c entu ry were ma i n l y  in th eoreti cal and phys i cal  opt i cs . 
From that foundati on came t h e  bu i l d i n g  b l oc ks wh i c h  structured the  b i rth  
of optometry: 
Ret inoscopy ( Bowman, 1 8 5 9 )  
Opthal moscopy ( He l mhol tz , 1 8 51 ) 
Sli t-l amp m i croscopy ( Gu l l strand , 1 9 1 1 )  
Tonometry and v i  sua 1 fi elds 
Corneal contac t l ens ( Touhy, 1 949 ) 
Th e fol l ow i ng advanc es may d ismay those who be l i ev e  that optometry should 
not c hange i ts rol e or who bel i ev e  that t h e  evol u t i on of the  profess ion has pro-
v i ded  a stati c  and unchang i ng ni c h e  of sec u r i ty: 
3. 
Hydro gel contact l ens (Wi chter l e ,  1 96 0 )  
Vi s u a l  neura l d evel o pment ( Hu be l -Wi esel , 1 963) 
Automa ted reti noscope 
Automa ted perimeter ( Octo pus } 
Guyto n as ti gma t i c  o ptometer ( r efractor }  
( 1970's }  Humphrey refractor 
Computer refractor 
V i s u a l  evo ked po tent i a l  exami na t i o n  3 
The adva nces i n  i ns trumen ta t ion  d i rectl y us a b l e  i n  the v i s u a l  sci ences 
goes far beyo ndthi s s hort l i s t .  In the pa s t  thi rty years a l one, techno l ogy 
has created po tentia l s whi ch dwa r f  the gen i us o f  the pr evi ous  s even hundred 
years. 
Advances i n  v i s u a l  tehcno l ogy a i ded the optometri s t  to devel o p  the sco pe 
of  today's moder n  pract i ce . Improved i ns trumenta t i o n  made eye-d i sease exami n-
a t i o n  a nd d i agnos i s  and  mas s i ve public  use o f  con tact l en s es po ss i bl e .  
The l i s t  of  i ns truments a l o ne can potentially become the fo rerun ners o f  a 
soph i s tica ted sys tem o f  a u tomated i ns trumenta t ion  a l l owi ng improved usage of 
ma ter i a l s ,  preven t i o n  o f  vi s ua l - neura l a noma l i es, i mproved d i agno s i s  o f  d i s eas e ,  
and  even phys i o l ogical  mod i fica t i o n  o f  refractive s ta tes . ( See Ta bl e 1 }  
4. 
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TABLE I 
MILESTONES IN THE SCIENCE  AND TECHNOLOGY OF VISION & OPTOMETRY 
Sci enti fic Concept 
Catoptr i cs 
Myop i a, d i optr i cs ( Johannes 
Kepler , 1 604 ) 
Refracti on in  the eye ( Chri stopher 
Sche i ner , 1 6 1 9 )  
Opt ica l  correct ion for myop ia  
& a pha k i a ( Daza de  Valdes , 1623) 
Law of Refraction ( W i  11 ebrord Snel l , 
1 637) 
Ani sometrop i a  ( Johann Zahn , 1685) 
Hyperop i a  (Isaac Newton , c. 1 700 ) 
Asti gmati sm & opt i ca l  constants of 
eye .  Accommodat ion i n  l ens. 
( Thoma s Young, 1 801 ) 
B i nocul a r  vi s ion ,  stereops i s  
( Wheatstone, 1 838; Donders , 1 864 
Compound opt i cal system ( Gauss , 
c. 1 841 ) 
Di optr i cs of eye ( Helmhol ts, 1 856 ) 
( cont inued next page) 
Technol og i ca l  Advances 
Mi rrors 
Spheri ca l  l enses 
Reading gl a s s  ( Roger Bacon, 1 26 6 )  
S p ectacl es ( i n Ven i ce, 1 270 ) 
Pr i sms ( Kepl er , 1 604 ) 
Refractor ( Zahn, 1 685) 
Biofocal ( B enjamin Frankl in, 1775) 
Cyli ndr i ca l  l ens es (A i ry ,  1 827 ) 
Cros sed cylinder ( Gabr i el Stokes, 1849 )  
Retinoscopy (Bowman , 1 859 ) 
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TABLE I ( conti nued )  
Scienti fi c Concept 
Eye di s ea s e  exami na tion 
Conta ct 1 ens es 
Vi sual  n eural d evel opmen t 
( Hu bel & Wies el , 1963 )  
New i ns truments for eye 
examina tions 
Tec hnol ogi cal  Adva nces 
i Optha l moscopy ( He l mhol tz , 1851 ) 
Sli t- l amp mi cros copy ( G u l l s trand, 1 91 1 )  
Tonometry 
Visual fields 
Cornea l  con tact l ens (Touhy , 1949 ) 
Hydrogel contact l ens (Wi chterl e ,  1960 ) 
Automa ted reti noscopes 
Automated perimeter ( Octopus ) 
Guyton as ti gmati c optometer ( re fractor ) 
Humphrey refractor 
Computer refractor 
V is ua l  evoked potent i a l  exami nat ion 
THE IMPACT O F  AUTOMATION: A MODEL 
The offi ce o f  the future may bear l i ttl e rel a t i o nsh i p  to the practi ce of 
today. 
Modern tec h no l o gi ca l  change wi l l  prov i de i nstrumentat i o n  for eva l ua t i o n  
o f  v i sua l f_iel ds by computer; computer-co ntro l l ed refract i ve systems; uti l i za­
t ion  of l asers i n  exami na t i o n  tec h n i ques; v i sua l l y  evoked corti cal po ten ti a l s; 
i n frared o ptometers; ciutomat i c  reti noscopes; sta t i c  and  dynami c  v i sua l acui t i es 
by computer; ul traso n i c  i nstrumentat i o n; el ec troni c data processi ng; as wel l as 
fa br i ca t i o n  of  eyewear  wi th i n m i nutes contro l l ed by a m i n i - computer system . 
Central computer ba nks wi l l  eli m i nate fi l i ng cab i nets, prov i de hea l th-hi story 
fi l es ,  and  automa t i ca l l y  do b i l l i ng. New i nstruments wi l l  perform el ec to­
retinograms (ERG) and ret i n a l  photo gra phy and el ectro n i ca l l y  compa re them wi th 
thousa nds sto red i n  memory banks , prov i d i ng the optometr i st wi th  a percenta ge 
d i a gnosi s  of poss i bl e  a b norma l i t i es .  
Th i s  l i st i s  not compl ete, every aspect o f  v i sua l care can  be i nfl uenced 
to some degree by modern techno l ogy. 
Computers wi l l  be uti l i zed to take the pa ti ent ' s  h i story , i nc l udi ng  that 
ava i l a bl e i n  the centra l computer ba n ks. 
It w i l l be un necessary for the do ctor to be co ncerned wi th fi n a nc i a l  
arra ngemen ts. The amount due wi l l  be tra nsferred perso na l l y  o r  t hrough i n­
sura nce i denti fi ca t i o n  from the pa t ient's account to the doctor's o ffi ce 
account by computer . 
"The total pa t i ent  t i me i n  the o ff i ce coul d i nvol ve approximatel y o ne to 
o ne and one-ha l f hours . However , the i mportant th i ng i s  that the doctor 
woul d no t be requi red to spend mo re tha n approxima tely fi fteen mi nutes wi th 
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each  pati ent . H e  would then rev i ew test data and  h i stori es ta ken by 
paraoptometri c  tec h n i c i a ns ,  revi ew i nternal  fundus evaluati ons, a rr i v e  at a 
fi na l d i a gnosis  a n d  prescr i be for th e pati e nts v i sual n eeds.11 He woul d consu l t  
wi th th e pati ent concern i ng  uni que pro bl ems a nd nec essa ry spec i a l ity needs , to 
be referred to a spec i a l i st .  
" I n  th i s  ma n n er a pprox imately 30-35  pati ents per day woul d b e  seen by the 
doctor a l l owi ng  h i m  one hour per day to d i ctate reports , l etters a nd m isce l l an-
4 eous i tems requ i ri ng  h i s  attenti o n." 
A much more fea red mod el i s  th e fol l owi ng: Mrs . Smi th needs a pa i r  of 
gl asses , so she  h ea ds for her favor i te depa rtment store . Her exami natio n  
consists o f  l oo k i n g  i nto a n  i nstrument a n d  turn i ng a knob a s  d i rected . Th e 
i nstrument cra n ks out h er new perscr i pti on . She  sel ects a frame  from a 
cata l o gue and  punches her cho i ce i nto a noth er i nstrument a l ong  with her 
chec ki ng  a ccount number . Ten mi nutes l ater sh e go es to a wi ndow a nd a n  
attendant f its h er n ew glasses. 
Any professi o n  woul d shutter at  the poss i b i l i ty o f  suc h a n  erosion  o f  
the doctor/ pati ent re l ati o nsh i p .  Vi sua l  perception  i s  a very subjecti ve 
process , requ i r i ng  mor e  than tec h n i c i a ns who rel y whol l y  o n  computer resul ts , 
wi thout chec ki ng them further. 
To ma ny o ptometri sts the use of  automated i nstruments may l ea d  to 
a buse as refl ected a bov e . 
Whether the fi rst model o r  the second or  someth i n g  i n  between fi nal l y  
occurs , depends o n  how optometry v i ews i ts future  sco pe a n d  ro l e  as a n  i ntegra l 
part o f  the v i sual - h ea l th-care del i very system a nd how fo rces externa l to 
optometry force cha n g e . 
Thi s  paper wi ll not el a bo rate o n  the tech n i cal aspects of  automatio n .  
Arti c l e upo n arti c l e coul d b e  quoted as to th e worth o f  future i nstruments 
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as oppos ed to pres ent technol ogy and  subjec t i ve optometr i c  prec i s i on .  
As more l arge compa n i es enter the  product i on fi el d, cos ts wil l i nevi tabl y 
b e  dr i ven  downward; further res earch w i l l  y i e l d  h igher accuracy a n d  rel ia b i l ity 
l evel s in d evi c es . T h i s  w i l l b egi n to cha nge atti tudes and op i n i ons  l ea d i ng 
to more a nd more uti l i za t i on . 
Mos t experts agree that the  prec i s i on a nd l i mits of future i n strumen­
ta t i on wi l l  exceed the subj ect i ve accura cy a n d  s peed of its huma n counterpart . 
It ' s  just a matter of t ime! T h e  t echni ca l  a nd engi n eering prec i sion of pres ent 
day automa ted instrumenta tion  i s  a mere forerunner of tec hnica l l y  s u p erior 
i ns truments . 
As the  reti nos cope of 1859 wa s vastl y improved to i ts s l eek  pres ent-day 
mode l , the i ns truments of tomorrow wi l l conti nue to be i mproved . 
The  a s s umed i s s ue rai s ed by a utomation i n  optometry i s  not tech n i ca l  i n  
nature, but hwnan! 
Automation may become a cata l yst to a revol uti on i n  optometry, provi ded 
i mporta nt questions  are sati s fa ctori l y  a nswered . How wil l i t  cha nge the  s cope 
and  rol e of th e profes s i on ? Ca n the  sol o-genera l practi ce  survive?  What 
wi l l  be the rol e of the paraoptometrtc tec h n i c i a n ?  Ca n demand �r optometri c  
s ervi ces off- s et cost s ?  W i l l the  qua l i ty of s ervi c e  dec l ine?  What  wi l l  b e  
the rol e of government i n  hea l th - s ervi ces regu l at ion?  Al l of thes e questions 
compri s e  the h i dden  parts of th e a bove model . For i t  to work smooth l y  a n d  be  
wel comed instead of  feared, thes e q u es t i ons mus t be addres s ed .  
9. 
IS  AUTOMATION NEC ESSARY? 
Ca n optometry meet the dema nds of ful l -vision care for ev ery citizen 
seeking car e ,  without changing at a l l ?  
The  a nswer comes down to effective and  sufficient o ptometric manpower . 
Different methods of esta b l ishin g " need" for vision service have  pro-
duced different ratios of o ptometrists to patients. Presentl y ,  the  AOA 
accepts 1 : 7000 as the preferred ratio. 
Today it woul d require 7 200 more o ptometrists to rea ch this ratio . 
Between 1 9 50 a nd 1 970 , the ratio went from 1 4  to 1 0  o ptometrists per 
1 00, 000 p ersons . 
Current output from col l eges of o ptometry is insufficient to compensate 
for rates of attrition .  To keep pace  with attritio n a nd popul ation increases 
8 50 n ew optometrists are needed yearl y .  From 19 54-1 970 onl y  a n  avera ge  of 387 
were graduated , a shortfa l l of better tha n 50% . 5 This figure did not inc l ude 
th e impact of part-time professio na l s  or enactment of nationa l h ea l th insura nce . 
Ma npower needs are  infl uenced by changes in productivity, the  use of 
para professiona l s ,  increases in the demand a n d  use of servic es as a resul t of 
awareness by the  pub l ic ,  third party invol vement, a nd changes in the  scope  of 
6 
practice . 
H ealth insurance , group contracts and  prepayment pl a ns are conserva ­
tivel y estimated to raise dema nd for services by at l east ten percent . 7 
The age  distribution of o ptometrists is of particul ar  interest because of 
its impl ications for the future supp ly  of optometric ma npower in th e United 
States. Seventy-fiv e percent of the active optometrists are over forty and  
fifty percent over  fifty years of  age . 8 
10. 
. 11 Around 1980 we can expect a rash of r eti rements as those who entered 
the profession a fter Wor l d War II l eave  the  pro fess i o n . Al l o f  these fac tors 
resul t i n  a needed pro jection i ncrease of as much  as 200% i n  optometri c ma npower 
9 
product i on . "  
Anot h er gri m  aspect of fa c i n g  a l arge i ncrease i n  d emand i s  the  d i sturb i ng 
fact  that fewer students are appl yi'ng to s chools o f  o ptometry . 
The  student a p pl i ca n t  pool has decli ned by 10 p ercent (AOO), for September 
1978, down from 4000 to 3600 i n  one  year. We do not stand a l one  w i th th i s  
pro b l em, for medi ca l  a nd dental  a ppl i ca nts have  fal len  off 1 0  to 20 perc ent a l so .  
The reasons for decl i ne are ma ny, but t h e  cri t i ca l  i ssue i s  the n eed to 
prevent  a ny further reducti on. The s tudent  a p pli cant pool, i ts si z e, soc i a l  
c haracteri sti cs, a nd academ i c  a n d  i ntel l ectual composi t i o n  are o f  fundamental 
i mporta nc e to every optometri st concerned w i th the future course of our 
professi on a nd i ts public  respo nsi b i l i ti es .  lO 
To meet th e 1 : 7000 figure th e pro fession  woul d have to doub l e i n  ten 
y ears, prov i ded the popula t i o n  growth rea c h es the esti mated fi gures of the 
bureau of census . 11 
At face  value, the  a bove figures provo ke  conc ern; howev er, the projec ti o ns 
are arbi trary . Ana l yz i ng  ma npower n eeds w i th the  1 : 7000 ratio may be m isl ead i n g . 
The sta tements may not refl ect de.ma nd. Need i s  defi n ed as the amount of care 
bel i eved necessary , whi l e  demand is the  a c tua l use of v i si o n  serv i c es .  
Some concl usi o ns can b e  drawn. first, manpower product i on should not drop 
l ower than today . Second , the  passag e  of na t iona l  h ealth insura nce incorpora­
t i ng th e full scop e  of o ptometry woul d surel y  have  a grea t i mpact  o n  manpower 
n eeds . F i na l l y, the  i ncrease necessary i s  b eyond the ca pa b i  l iti  es o f  profess i ona 1 
school s a t  thi s  t ime. 
11 . 
Fortunately, the answer to the problem is not dependent �pon graduating 
vast numbers of optometrists. Efficient utilization of professionals, para­
professionals, and technological advances in instrumentation coul'd increase 
productivity to match potential demand. 
The foregoing discussion implicates two further areas of concern, national 
health insurance and the use of ancillary personnel. 
12. 
THE CONNECTION B ETW EEN AUTOMATION AND NATIONAL H EAL TH INSURANCE 
Health care i s  ta ki ng an  even l arger p ercentage of  the gros s  na t i ona l  
product ( a t  present 7 . 8% )  and  the  techno l ogi cal  impera t i ve i n  med i ca l  care 
12 w i l l ma ke i t  even mor e  cos t l y .  
In mos t  i ndus tr i es n ew techno l ogy has i ncrea s ed pro ducti v i ty and  cos t  
co ntro l . I n  hea l th ca re; however, technol ogi ca l  adva nces have i mproved 
d i agno s ti c procedures but added to the cos t o f  del i very . 
Th e i mpact o f  h ea l th  care o n  the  publ i c  wi l l  conti nue to i nv i te publ i c  
scrut i ny a nd government  regul a t i o n . 
It i s  no l o nger t h e  pol i ti ca l l y  power l ess  poor who suffer i nadequa te  
medi ca l  care . The Ameri ca n  mi ddl e cla s s  - becaus e o f  t h e  i neffi c i ency o f  the  
system , l ac k  of pro tec ti o n  from ca ta s troph i c i l l ness  and  s teepl y r i s i ng cos ts -
13 i s  now a dvers e ly  a ffected . 
The number o f  h ea l th care b i l l s  i ntroduced a t  a l l  l eve l s of  gov ernment 
have i ncreased rap i dl y, and a nat i o na l  b i l l  i s  i ncrea s i ngl y pos s i bl e .  
Na t i ona l  heal th i nsurance w i l l  come, but not i mmed i a tel y i n  a trul y com­
prehensive form . 11 By 1 98 5 ,  we w i l l  have evol ved a much broader, mo re uni versa l  
type o f  na t iona l  h ea l th i nsurance than  i ni ti a l l y ena cted . W e  wi l l  h ave ex per i ­
mented wi th other p l a ns and w i l l  fi nd that they wi l l  fa l l  s ho rt a nd tend to 
d i v i de th e popul a t i o n  i nto groups wi th varyi ng coverage . We wi l l  then turn 
toward the more comprehens i ve un i versal  type o f  coverage tha t i s  env i s i o ned 
i n  the Heal th  Securi ty Act , the Kennedy-Gri ffi ths l egi s l a t i o n . "  14 
1 3 .  
TH E TECHN ICIANS ROLE  IN AUTOMATED OPTOMETRY 
I f  t he cos ts o f  a u toma ti o n  are to be overcome wi thi n governmen t a nd 
publ i c  expectati o ns , i ncreased productiv i ty wi ll demand s ki l l fu l  usage o f  
paraoptometric personnel . 
It  is i n teres ti ng that i n  the context o f  th i s d i scuss i o n  the words 
" tech n i c i a n" a nd " para pro fes s i o na 1 H are syno nymous wi th 1 1 a utoma ted i ns trumen-
tat i o n " .  Both effecti vel y remove t h e  optometr i s t  from the one- to -one rol e  
o f  present day doctor- patient  rel at i ons . Both  are needed i n  a n  a u toma ted 
o ffice a nd both a re needed for effective cos t  control and  effi c i ency . 
S u bs t i tut i ng l es s  expens i ve i nput  ( paraprofes s i ona l s ) for more expens i ve 
( o ptometris ts ) may res ul t i n  i ncreased productiv i ty a nd/or l ower cos ts.  15 
The evo l uti o n  has already begun a nd a few exampl es of  present day use o f  
tec h n i c i ans  a nd automated i ns trumenta t i o n  are now pro v i ded . 
The fi rs t example i s  tha t o f  Ben Parri sh,  0.0.  In h i s  arti cle he exami nes 
the q ues t i o n  o f  improved effi c i ency , h i gh qua 1 i ty perfo rmance a nd favorable 
pa ti en t  res ponse us i ng techn i c i ans  a nd the Humphrey Vi s i o n  Analyzer automa ted 
refracto r. 
The author  co ns i dered impro ved effi c i ency to be prima r i ly the reducti o n  
o f  the refracti o n  t i me by fifteen t o  twenty mi nutes, accompa nied by effi c i ent 
use of tec h nic i a ns , maki ng i t  pos sible to see 25 pat i ents per day . 
He co ns i dered the sys tem to be o f  h i gh qual i ty due to les s amb i guous 
s ubjec t i ve ta s ks, no l enses or a pertures i n  fro nt of pa tient, bei ng b i nocul a r  
wi th no d i s soc i a t i o n1co ntro l ling vertex and  all owi ng qu i ck overrefra ctio n .  
Fi na l ly, the ques ti on  of  patient  res ponse was favora bl e .  He felt pat i en ts 
were impres sed wi th the appea ra nce of  s uc h  a n  i ns trument, seemed more confi dent 
14. 
with  th e i r  respons es , a nd  s t i l l  i nteracted with  the docto� during  the  
11computer as s i s ted " eva l uati o n . 
The a uthor's methods are i l l u strated  o n  Tab l e 2 a nd 3. 
At the bo ttom l i n e  th i s a uthor fel t the  or i g i na l  i nv estment had  
increased  h i s  i ncome a n d  pa t i ent l oa d . 16 
On t h e  oth er h a n d , th i s  appro ach  a l ready worr i es some O . D . 's .  Ma ny s ee 
the  very s ame s e t  up a s  i mperso n a l  pati e n t  care , u s e  o f  uns k i l l ed tec h n i c i a ns 
a nd th e r i s e  o f  ma s s  refract i o n  by u nscrupulou s  eye doctors . 
A recent pol l o f  th e Nati ona l  Pa n el o f  Doctors of Optometry i nc l uded 
t h es e  remar ks: 
"Automated refract i on i g nores t h e  h uma n el ement".  
" The pati ent feel s rus h ed; he  fee l s the  do ctor doesn't 
care beca u s e  h e  turns  h i m  over to a n  a s s i sta nt  who does n't care 
e i th er" .  
11Th e pat i e nt th i n ks t h e  O . D .  wa nts h i s  r:io n ey qu i c k l y ,  s o  h e  
can  get ri d o f  h i m" .  
" Automated refra cti o n  w i l l  be  m i s us ed by tho s e  who are 
uns k i l l ed at bas i c  ma nua l  refract i o n . Soon  department stores 
wi l l  have  do-i t-yo urself  exams " . 
"But I'm a fra i d  o f  t h e  qu i cki e exam , where t h ere  i s  no 
cas e  a na l ys i s  o f  a pati ent's n eeds . Th e refra ctor cou l d be  
co s t l y  wi ndow- dres s i n g11 • 
"They are v ery expens i v e  r eti  nos  copes " . 17 
Wi l l  no n- tech n i ca l  pers o n n el arr i v e  a t  a "ma nufa ctured " 
RX?  W i l l  certa i n  pati ents w i th b i nocu l ar pro b l ems and  l earn i ng 
d iffi cu l t i es b e  mi s s ed w i th t h es e  refractors ? 
I n  th e same po l l o t h ers had  t h es e  feel i n gs : 
1 1There i s  a l ot more tc optometry than  refract i o n . Y et mo s t  o f  
o u r  t i me i s  spent do i ng j u st that . By redu c i ng t ime  with refractors , 
we may spend more t i me w i th oth er n ecessary tes ts o ften d i s regarded 
bec a u s e  of a t i me factor . 11 
" Th ere a re ti mes I wo u l d l i ke to ha v e  somethi ng  to ch ec k  my 
fi n d i ngs  a g a i nst . Ta k e  t h e  beg i n n i n g  ca taract or  macu l ar dystrophy 
ca s e . 11 
15. 
"Wi th the emphas i s  o n  nati ona l  hea l th care, o ptometrists wil l 18 have to examine more patients . automation wil l provide the means.1 1  
Further examp l es of how to utilize parao ptometric pers onnel a re il l ustrated 
19 i n  ta bl es 4. 5 ,  a n d  6. 
The a uthor o f  these exampl es directed his attenti o n  to what ki nd bf s pace 
is needed to do a reasonab l e jo b. 
The a uthors ma i n  points were the fol l owing: The i dea l wou l d be to 
m i n i mi ze patient movement wi th two compl ete rooms . 
" Impressive. effi c i ent. and time s aving is the two examini ng room 
system . Ex pensive. yes , but in ma ny pra ctices it may be wel l worth it 
The second room need not co ntain a complete dup l icatio n  o f  equ i pment . 
Al so , the tech nicia ns  need a s pace to ca l l  their own , at l east a sma l l  des k .  
Fina l l y. no matter what you assign to the tech n i c i a n  yo u must calcul ate 
"time bl o cks" o f  d uties and then p l ug them i nto yo ur system where ma x i mum 
20 time s a v i ngs occur . 
II 
The res u l t  o f  a questi onna i re in India na co ncerni ng the duties o ptometr i sts 
fel t a tec hnician must be tra i ned to perfo rm. il l ustrated i nteresti ng attitu des . 21 
8 1 %  and  9 5% o f  the res pondents l isted as  " neces sary" recepti o n i st and d i s pens i ng 
d uties, res pectivel y .  They found  training in  keratometry a nd tonometry un-
des i ra b l e .  ( 2 5% and 24% res pectivel y find it neces sary . )  
Some fel t  that i f  the o ptometrist turns procedures over to the techn i cia n ,  
he was a pt to fi nd that he was "o ut o f  touch  w i th the patient" . 
The i mpl i cat ions  o f  thi s study s uggest these o ptometrists were not pre-
pared to extend d uties i nto areas they considered as procedures requi ring 
pro fes sio nal  judgement . 
Th i s  issue rea l l y  comes down to the effect tech ni cians wi l l  have o n  the 
qua l ity of v i s i o n  care. Do ctors  a re concerned with the s k i l l. a n d  rel ia bi l i ty 
16. 
of  th e tech n i c i a n  a nd effects o n  the doctor- pati ent rel ati o ns hi p .  
Th e pati ent requ i res u ndersta n d i ng ,  support a n d  sati s facti o n  to rema i n  
co nfident . 
It  has been s hown that well.tra ined pa raprofes s i ona l s  ca n devel o p  a 
compara bl e rel ationship . One  stu dy of  nurs es s howed they ov erlooked onl y 5% 
2 2  o f  th e var iab l es physicia ns fou nd , yet no ne were deemed s ign i fi ca nt. 
Others bel ieve that repet i t i o us uti l ization  o f  th e i r particul a r  group  of  
tas ks wil l make the  tech n ic i a n  a s  good ff �ot better a s  the  o ptometri st i n  
deli very o f  th ei r functions . 2 3 Thi s ass umptio n i s  that the techn i cia n s  w i l l 
be h ighl y  ski l led and  respo nsib l e fo r the i r  parti cu l ar ski l l s ,  i ncl ud i ng 
persona l i z ed attention  a nd care . Obvi ous l y ,  i t  i s  n ec es s ary that qual i ty co ntrol 
i n  enro l l ment a n d  tra i n i ng of  paraprofe s s iona l  personnel be establ i s h ed . 
Res i sta nce  stems from th e d es i re not to l os e  control o f  th e system . 
"The i ntroducti o n  o f  a s s i stants i nto optometry wi l l  caus e o ptometri'sts to re-
24 exam i ne th eir terri tori a l  imperi ti ves a n d  so urces o f  s ati s factio n  a nd powers .11 
Thi s  po i nt goes  beyond ego , for i t  i s  d i ffi cu l t to alter the profes s i o na l  •s 
way of practi ce a fter he has been soci a l ized and  i ndoctr i nated to accept th e 
traditio nal ro l e. 
It  i s  poss i b l e that d i v i d i ng the role of th e optometri st ,  by a l l ocati ng 
areas of measurement , and a nalys i s  to a ids may ro b the o ptometr i st of rewards 
a nd motivati o n  that drew hi m to th e profes s i o n  origi na l l y. 
A preswned l es s  chall engi ng a s pect o f  o ptometry may be  just th e facto r 
that gi v es d i mens i on a nd s i gni fica nce to th e whole. One must questi o n  wheth er 
it i s  truely sat i s fyi ng to work  o n l y  at o n e's pres umed h i ghest ski ll 1evel ? 
Fo r ma ny the  i ntroducti o n  o f  automati o n  a nd tech n i c i a ns d eny valued re l ati ons  
w ith  a pati ent wh i c h  wil l be lost  i f  30  pati ents are s een  per day . 
17. 
Th e automated o ffi ce o f  the future w i l l requi re new a pproa ches to o ffice  
des ign  and  empl oy at  least two techn i c i ans . Th i s  wi l l  be  n eces s a ry because 
costs must be o v ercome by i ncrea s ed pati ent l oad . Th e extra s pa c e  a nd tec h n i ­
c i a n s  wi l l  a l low 11 fl ow11 o f  pati e nts. Wh ile  one  technic i a n  i s  performi ng pre­
profes s i ona l  work a noth er i s  preformi ng po st-pro fes s i ona l duti es . 
The end result i s  that the office must be arranged and  sta ffed i n  such a 
ma nner that 1 1 bottl e-necks11 do not occur , slowi ng pati ent movement . 
I f  automated , the  o ptometri st  becomes dependent upon th e tech n i c i a n . The 
expa ns i o n  o f  sta ff wil l requ i re the pro fes s i on to keep pace w ith e ffecti ve  
management and  offi c e  adm i n i strati on  much mo re tha n today . 
I f  orga n i zed i nto uni ons the  cost o f  s k i l l ed tech n i c i a n s  woul d create 
furth er ma nagement probl ems . Al so, an automated o ffi ce  wi l l  not functi o n  
effecti ve ly  unless the tec h ni c i a ns are uti l i z ed effi c i entl y .  Th i s  i nvol ves 
del egati o n  of duti es and supplyi ng the worki ng s pace n ec es s a ry to preform 
the i r  duti es . 
The o ptometri c pro fes s i o n  has not yet been forma l l y  tra i n ed to ut i l i ze 
a n c i ll a ry pers onnel . Uti l i zati o n  o f  a i ds is not effecti v e  i f  the doctor 
"doubl e ch ecks'' a ll fi ndi ngs or i nterfers with a n  a i ds function i ng. The docto r 
must b e  educated to d el egate respons i bi l ities effecti v el y .  
1 8. 
Doc tor ' s  
Time ( m i nutes ) 
T ec h n i c i a n ' s 
Time ( m i nu tes ) 
I-' 
'° 
DoCto r 1 s 
Time (mi nu tes ) 
Tec h n i c i a n ' s  
Time (mi nu tes ) 
TABLE 2 
PATI ENT FLOW W ITH V I SION ANALYZER 
R ECEPTION ROOM TESTif:G ROOM R EFRACTION  ROOM CONSULTATION  ROOM DIS P ENS IN G ROOM 
Tech n i c i a n  Doctor  
H i s to ry F i el d Screen i ng Insert  Ol d RX Refrac t i on Co nsul  ta t i on D i s pens i ng 
Tonometry Vi sua l  Acu i ty B inocu l a r  Ophtha  1 rno scopy 
Bl ood Pres sure Ha bitua l Phoria Tes ti ng 
Lensometer S tero pi s 
. 
5 1 0  
5 15 5 1 5* 
PATIENT FLOW BEFORE VIS ION ANALYZER 
R EC EPTION ROOM TESTING ROOM REFRACTION ROOM DIS PENSING ROOM 
Tec h n i c i a n  Doctor  
H i s tory F i el d  Screen i ng V i su a l  Acu i ty Refract io n D is pens i ng 
Tonometry Bi nocu l ar 
Bl ood Pres su re Test i ng  
Lensometer Oph thal moscopy 
Cons ulta tion  
25 
5 15 2 1 5* 
* Second Techni c i an 
* Th i s  a l l ows 1 0  minu tes between pa tients to catch up o n  i nci denta l s  ( phone ca l ls , co ntact  l ens 
c hecks , compl a i nts, o ffice v i s i ts ,  etc. ) and sti l l see 20 fu l l  appoi ntments per 8 hour day. 
TOTAL 
1 5*� 
40 
TOTAL 
2 5  
37 
TABLE 3 
ECONOMIC IMPACT OF THE VISION ANALYZER (HYPOTHETICAL PRACTICE) 
Prev i ous 
to VA Yea r 1 Year 2 Yea r 3 Year 4 Yea r 5 Year  6 Yea r 7 Yea r 8 Yea r 9 Yea r lC 
1 .  Pati ent Load 9 1 2  1 2  1 2  1 2  1 2  1 2  1 2  1 2  1 2  12 
( Number per day) 
2 .  Basic Exam Fee $20  $20 $20 $20 $20 $20 $20 $20 $20 $20 $20 
3 .  Pra ctice Days 2 50 2 50 2 50 2 50 2 50 2 50 250 250 2 50 250 250 
Per Yea r 
4 .  Exam Fee Incre- $1 5 , 000 1 5 , 000 1 5 , 000 1 5 , 000 1 5 , 000 1 5 , 000 1 5 ,000 1 5 , 000 1 5 , 000 1 5 , 000 
ment ( 1 )  
5 .  D i s pens i ng $28 , 1 2 5  28 , 1 2 5  28 , 1 2 5 28'1 2 5  28 , 1 2 5  28 , 1 2 5  28 , 1 2 5  28 , 1 2 5  28 , 1 2 5  28 , 1 2 5  
N I ncrement ( 1 , 2) 0 
6. Preventi ve 
Maintena nce & $ 1 25 1 , 1 2 5  1,1 2 5  1 , 1 25 1 , 1 2 5  1 , 1 2 5 1 , 1 25 1 , 1 2 5  1 , 1 2 5  1,1 2 5  
Insura nce 
7 .  Pro perty a nd $1 , 400 450 400 3 50 300 250 200 1 50 1 00 50 Sa l es Tax 
8. Co s t  of  Lease $6 , 410 6 , 41 0 6 , 4 1 0  6 , 4 1 0  6 , 4 1 0  6 , 410 6 ,41 0 6,41 0  6 , 4 10  6 , 4 1 0  
9 .  Net increa se i n  
a fter tax income $22 , 81 5  1 7 , 300  1 6 ,485  1 5 , 820 1 4 , 1 3 5  2 1 ,655  21 , 69 5  20 , 820 20 , 860 20 , 8 9 5  
(3) 
( 1) Add1t i o nal yearly recei pts due to i ncorporatio n of Vtsion Ana1yzer. 
( 2) Based on $ 50 avera ge gros s  ma r g i n  o n  75% of addHtona l pat ient loa d, 
( 3) Free a nd cl ear  income a fter expens es and taxes 
Tft.BLE 4 
Utilization of Paraoptometric Personnel 
Optometrist and One Technician 
Pati ent #1 
TECHNICIAN 
Prel i mi nary i ntervi ew 
Vi s u a l  ski l l s  
Vi s ua l  acu i ty B l o ck I 
Hypertens i on s creeni ng 
Wh i l e optometr i st beg i ns 
pati ent #1, neutra l i zes o l d RX 
Pati ent #2 
O PTOM ETRIST TECHN ICIAN 
Addi tiona l  case h i story 
Keratometry 
Ophthal mos co py 
Bi omi cros copy 
Vi s ua l  ana l ys i s  
Prel i mi nary consu l tati o n  
TECHNICIAN 
Color v i s i o n  
To nometry 
Bl ock  II  
V i s u a l  fi el ds  screen i ng Bl o c k  III 
Further testi ng fi el d i f  needed 
Add itiona l  testi ng as d i rected 
Frame sel ect i o n  
OPTOMETRIST 
Fi na l  cons u l tati on  and  
pati ent educat i o n  Bl ock IV 
Prel i mi na ry i nterv iev� 
Vi sua l  s ki l l s  
Vi s ua l  acu i ty 
Hypertens i on  screen i ng 
Wh i l e  optometri st conti nues 
with #1, neutra l i zes o l d Rx 
of #2 
O PTOMETRIST 
Add i tiona l  case h i sto ry 
Keratometry 
Ophtha l moscopy 
Bi omi croscopy 
Vi s ua l  ana l ys i s  
Prel i mi nary co ns u l tati o n  
TECH!llICI AN 
Co l o r  v i s i on 
Tonometry 
B l o c k  I 
B l ock II 
Vi sua l fiel ds s c reen i ng Bl ock  III 
TECHNICIAN 
Now wi th pati ent #3 
21. 
Fu rther fiel ds testi ng , i f  needed 
Add iti ona l  testi n g  as d i rected 
Frame sel ecti on  
O PTOMETRIST 
Fi na l  consu l tati on  and  
patient educati o n  Bl ock IV 
As s i s ta n t  
Opens o ffi ce , 
gets wo rk ready 
for the day . 
Prel imi nary 
i nforma t i o n  on  
Pat ient #1. 
Hand l es ma i l  
a nd thi rd party 
fo rms , sends 
v i s i o n reports 
forms , etc . 
Recei ves VT and 
CL  pa ti ents . 
Recei ves Pa tient 
#2 , other front  
o ffi ce duti es , 
rec a 11 s, etc . 
Pati ent #3 
and new CL 
pat i ent . 
Fi na nc i a l  
a rrangements for 
Pati ent #1 . 
Co nti nues 
recep t i o n  duties 
fo r d i s pens i ng 
a nd o ther 
pati ents . 
As a bove a nd 
fi nanci a l  
a rra n gements 
Pat i ent #3. 
Lunch  
Pho nes patient 
fo r del i veri es 
re ca 1 1  s, com­
pletes pa per­
work 
T,l\BL E 5 
Uti l i za t i o n  o f  Optometri c A i des 
Techn i c i a n  # 1  
Tra i ns pat ient o n  
i nserti o n  a nd 
removal  of  con­
tact l ens . 
Co nti nues edu­
ca t i o n  a bout  
contacts wi th pa­
tient jus t  seen 
by docto r . 
Co nducts vis i o n  
tra i n i ng  ses s i o n  
a s  d i rected . 
Techn i c i a n  #2  
Pa t i ent # 1  V i s ua l  
ski l l s  a nd fiel d 
s creenin g ,  to n­
ometry or NCT, 
checks bl ood 
pres s ure , kera­
tometry , co l or 
v i s i o n  
Pa t i ent #2, same 
as a bove . 
Di s penses Rx 
from prev i ous  
week . 
Conti nued v1s 1on Pa t i ent  #3 
tra i n i ng ses s i o n . Prel im i nary data 
coll ect i o n . 
Compl etes 
records for VT 
a nd CL pati ents . 
Rel i eves 
as s i s ta nt 
duri n g  l unch . 
Lunch  
D i s penses Rx . 
Frame sel ect i o n  
o n  Pa t i ent  #3. 
Lunch  
Lab  Ass i s tant  
Checks j o bs from 
la b .  -orders Rx ' s  
from prev i o us day . 
La b �1ork , re­
pai rs and ad­
j us tments . 
Neutra l i ze Rx 
on Pa ti ent #1. 
Frame s el ect i o n  
on  Pati ent #1. 
Frame sel ect i o n  
Pa t i ent  #2 , 
frame repa i r  
and adj u s t­
ments . 
Check frame 
s ampl es , l a b 
work , adj u s t­
ments . 
Lunch 
Orders Rx's 
ver i fy day's 
del i veri es . 
Optometr i s t  
Second v i s  i t  fo r 
a contact  1 ens 
pa t i ent . 
Examina t ion  a nd 
v i s i o n  anal ys i s . 
Pa t i ent  #1 
co nsu l ta ti on . 
Pat i ent  #2 as 
a bove . 
New contact 
l enses pat i ent  
work up. 
Pa t i ent  #3  
Compl etes 
reco rds for pa­
ti ents seen and 
wr i tes prescri p­
t i o n . 
L unch 
(Afternoons  can  be a dupl i ca te of t ime b l ocks wi th vari a t i o n  i n  a s s i g nments . ) 
'J ') 
TABLE 6 
Uti l i za t i o n  o f  Optometr i c  Ai des 
Optometr i c  Ass i s ta n t  
Opens offi c e  a nd prepares 
work  for the day . 
· 
Regu l ar o ffi c e  dut i es, 
rec ept ion, tel epho n e, 
reca 1 1  , ma i 1 , etc . 
Pa t i ent #2 
Col l ects i n formati o n  fo r 
offi c e  records a nd fi l l s  
i n  neces sary forms . 
Regu l a r  o ffi ce  duti es , 
recal l s, b i l l i ng, etc . 
Prel i mi nar i  es o n  
Pa t i ent #3 . 
Fi na nc i a l arrangements 
and future a ppo i ntments 
for Pati ent #1 
Compl ete o ffi c e  wor k  
for Pa t i ent #2 . 
Optometr i c  Tech n i c i a n  
Us es t i me to take care o f  
other duti es a nd prepares 
equ i pm ent for us e .  
Pa ti ent #1 
Ta k es prel i mi na ry h i s tory, 
v i s ua l  s k i l l s , v i s ua l  
acu i ty, col or  v i s i o n . 
C hec ks i n  jo bs from l abs , 
o rder jo bs, p erfo rms oth er 
es s en t i a l  dut i es . 
Pa t i ent #2 
Prel i mi na ry h i s tory, 
v i s ua l  s k i l l s ,  v i s ua l  
acu i ty ,  col or v i s io n . 
Pa t i ent #1 
Frame s el ectio n .  
Adjus tments for other 
pat i ents . 
Pa ti ent #2 
Frame s el ec t i o n . 
Prel i mi nary wor k  with 
Pa t i ent #3 . 
Tra i n i ng co nta ct  l ens 
pat i ent . 
Schedu l es co nt i nu e wi th 
a ppro pr i a te breaks or ev en s h i ft 
o f  duti es a s  bes t p ro v i des 
pa t i ent s erv i c e . 
23 . 
Doctor  
May no t a rr i v e  a t  offi c e  
u nti l Pa t i ent # 1  i s  ready 
for h i m ,  o r  may us e t h e  
ear l y t ime  to ta k e  care 
of o th er duti es . 
Prepa res fo r day's wo rk, 
goes over pa t i ent r ecords 
compl etes deta i l s from 
prev i ous  day i f  necessary . 
Pa t i ent #1 
E l a bora tes h i story, 
exam i na t i o n  for pa tholo gy ,  
v i s i o n  a na l ys i s, pres c rip­
t i o n, co nsu l ta t i o n .  
Pa t i e nt #2 
H i s to ry ,  exami na t i o n  for 
patho l o gy ,  v i sio n  
a na l ys i s ,  pres cr i pti on,  
and  co n s u l tat i o n . 
Pro gress reports for 
contact l ens es or  
regu l ar pa t i ents . 
Fo r Pa t i ent #3 
Prov i d i ng  n ec essary 
pro fes s i ona l  s erv i c es . 
PATI ENT R ES PON S E  .ll.ND  .ll.CCEPTANCE 
I n  the  s etti ng  o f  the  automated mo d e ,  wi l l  t h e  pati ent feel h e  i s  
recei v i ng qual i ty v i s i o n  care?  A s tudy o f  publ i c  att i tudes toward t h e  au to-
mated i ns tramentati o n  and acceptance o f  techn ic ians reveal ed that w i l l i ngness  
was dependent upo n the  endor s ement of  the  fam i l y  phys i c i an . I t  was res ervat i o n  
25 o n  th e part o f  t h e  p hys ic ian w h i ch fo rti fi ed p u b l i c  res i s tance . 
Another s tudy ,  s howed h i g h es t  acceptance amo ng  the  better educated mi ddl e-
i ncome gro up . The  l ower and  u p per-i ncome gro ups  tend ed to pre fer treatment by 
26 the  phys ic ian o n l y. Thes e s tud i es reveal that val ues , at ti tudes and be l i efs 
he l d by th e p ro fes s i o nal wi l l  man i fest  thems el ves as barr i ers to u t i l i zati on o f  
new types of  i ns trarnentati o n  and personnel . 
I t  seems that ul t i matel y acceptanc e  wi l l  rest  upo n programs o f  orientation 
and ed ucat i o n  o f  bo th  th e o ptometr i s t  and t h e  public . Fear of t h e  u n known is 
a majo r barri er to pub l i c  securi ty. In a v.ior l d racing  toward automat i o n  in 
ev ery as p ect o f  l i fe, the  publ i c  w i l l  co nti nue  to be  apprehens i ve abo ut  cha nge 
i n  areas o f  pers o nal  heal t h . 
24. 
AUTOMATION AND THE I NDIVIDUAL O PTOMETR I ST 
Of  criti cal impo rtance is a defi n i tio n o f  the ro l e o f  o ptometry . Wil l it 
remain stati c or  b ecome mo difi ed alo ng  with conti nuing  devel o pments in techno l ogy 
and s cience?  I s  o ptometry wil l in g  and abl e to redefine  its bou ndaries o f  acti vity? 
Definin g o ptometry ' s  ro l e  i s  a d i f fi c u l t  tas k ,  d u e  to div ers e views w i thin the 
pro fes sion and the absence  o f  a coordinated divisio n o f  activity with the  
p ro fes s i on of  ophthal mo l ogy and other  o verlapping pro fes sions . 
Wil l o ptometry broaden its s co pe o f  s ervice , de- emphasizin g s el l ing and 
d i s pensing as pects o f  the  refracti o nist ro l e  and establ ish a new pro fes sio nal i sm 
encompassing  new d i agno stic and th erapeuti c advan ces? 
In May of 1 97 5, the AOA p ub l is h ed the r es u l ts of its Del phi program . 
Which was a refi n ed method o f  making  forecasts bas ed o n  expert o pinio n . The 
stu dy incl uded the  individual respons es o f  o ptometric educators , exec utives , 
practicing  do cto rs and student l eaders . The partici pants di d not inter­
communicate . Many o f  the  res u l ts can be u s ed to forecast attitudes  and future 
trends  in  ro l e  d e fi niti o n . ( S ee Tabl e 7 )  
By 1 985, 40% predicted that more than hal f o f  practicin g o ptometrists 
wil l be  us i ng "automated diagno sti c "  equipment, and 50% predicted a central 
computer diagnosti c s erv i c e  nationwi d e .  90% fel t central -acco u nti ng  systems 
woul d be  avail ab l e a l so . 
Fo rty perc ent pPedicted l es s  than o n e-third o f  al l practic i n g o ptometrists 
wil l be i n  sol o practi ce in 1 985. With 60% feel i n g o n e- fi fth o f  the  future 
o ptometrists wil l be  in  inter- profes sio nal grou p  practi c e . 
S eventy percent fel t aU states vmu l d  permit the u s e  o f  pharmac euti cal 
agents fo r diagnosti c purpos es and 80% pre dicted therapeutic u s e  in at l east 
o n e  state by 1 985. ( As o f  August 1,  1 977,  fo u rteen states had enacted 
25. 
l eg i s l at ion  authori zi n g  optometri s ts to uti l ize d i a g nostic pharmaceut i ca l  a gents . 
Optometr i s ts i n  Wes t Virg i n i a  and  North Ca rol ina as of June 1977 a re a l so 
authori zed for use of s pecifi ed therapeut i c  pharmaceuti ca l  a gents . )  
Of the parti c i pants , 60% pred i cted Nat i onal  Hea l th  I ns ura nce , i nc l ud i ng  ful l 
s cope optometr i c  care , ava i l abl e to a l l a ge groups wou l d be ava i l a bl e .  Fi nal l y , 
27 90% fel t u ti l i za t i on of paraoptornetri c  personnel woul d doubl e by 198 5 . 
It i s  i mporta n t  to note , that  of the fi ve groups pa rti ci pa ti ng , �he 
practicing optometris ts carrel a ted h i ghly wi th the overa 11 pred i ct i ons . 
Studen ts; however, were more conservati ve i n  a reas of automa tion a nd 
the pred i c ted redu c t ion of the sol o practi ce tha n practi c i ng  doctors . A 
d i fferent s urvey of s tudent opi n i on concl uded that mos t s tudents favored sol o 
practi ce , s pecia l i za t i on ( espec i a l l y  contact  l enses , optometri c ped i a trics , 
28 and v i s ua l  tra i n i n g } , a nd i ndependence from other visua l care professional s .  
These opin ions of the students may change wi th further experi en ce a nd 
a pproxima te the feel i ng of the pra ct i c i n g  optometri st . 
I n  1968 , the Nati onal  Center for Hea l th S ta ti s ti cs reported 88% of act ive 
optometri s ts as  s el f- empl oyed a n d  i n  197 3 ,  77% sel f-empl oyed . Of  these pro­
fes s i ona l s ,  74% were i n  so lo  pract i ce i n  1968 and  62% in 1 97 3 . 29 
A New York s tu dy fou nd 79%  of a l l act i ve optometri s ts were sel f-empl oyed 
but onl y 5 6 . 2% were i n  s ol o practice . 30 
These fi gures i nd i cate a s h i ft away from sol o-practi ce .  Thi s  c a n  be 
partl y d ue to the pas s a ge of l eg i s l a t ion enabl i ng optometr i s ts to i ncorporate . 
I n  197 3 ,  2 2% of sa l a r i ed optometri s ts were part  of a profes s i ona l  corporation 
as oppos ed to 4% in 19 69 . Furthermore , the proportion of optometr i s ts who a re 
s el f-empl oyed i s  the h i ghes t i n  the 30- 34 years - i n-practi ce cata gory (87 . 5% ) . 
As these optometri s ts l eave the profes s i on ,  the trend toward grou p practi ce 
wi l l seem to increase . 
2 6 . 
Final ly, 4% o f  t h e  active o ptometri sts i n  the Pacific regio n are in a 
mul t i d i sc i pl i nary group and the  number o f  pract i t i o n ers employed by an 
ophthal mo l o gist hav e  i ncreased amo n g  young  o ptometrists . 31 
In the New Yor k  study, 1 7% practiced out o f  two lo cat i o ns and  3% practiced 
i n  three  or mo re  offi c es .  1'An inverse r elat i o nsh i p appears between  age and 
the number of pract i ce  l o cat i o ns .  Yo unger practiti o ners are mo re  l i kel y to 
mai ntai n more  t han o n e  o ffi c e. Forty- fo u r  perc ent o f  al l o ptometri sts less 
than 30  y ears o f  age  practi ced  in more than one  offi ce as com pared to 20% 
32 of those over t h e  a g e  of 50 years . 
As a w ho l e ,  t h ese surv eys and manpower stati stics t end to su p po rt the  
att i tudes needed i n  a trend toward automatio n and  expanded sco pe of  service .  
( S ee Tabl e 8) 
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TABLE 7 
AMER ICAN OPTOMETR IC  ASSOC IATION  
D ELPHI PROGRAM 
FUTURE  OF O PTOMETR I C  PRACT I C E  
C - Optometri c Co l l ege Admi n i s tra to rs a nd Facu l ty 
E - O ptometr i c  Assoc i a ti on Executi ves 
L - Optometr i c  Leaders 
P - Promi nent Practi c i ng Optometr i s ts 
S - Optometri c  Student Leaders 
COMB - Combi ned 
1 .  Less  tha n one-th i rd o f  a l l prac­
ti c i n g  optometri s ts wi l l  be  i n  
so l o practi ce by 1 9 8 5 . 
4 .  Centra l  computer accounti n g  sys tems 
wi l l  be ava i l a bl e  to a l l pr ivate 
pract i t ioners nati onw i de by 1 98 5 .  
C E L P S COMB . 
. 3 5 . 50 . 3 3  . 39 . 60 . 43 
40% Proba b i l i ty Pred i c ted 
2 .  At l ea s t  20% o f  pract i c i ng optome­
tri s ts wi l l  be i n  i nter- pro fes s io na l 
grou p  practi ce by 1 9 8 5 . 
3 .  
C E L 
. 58 . 68 . 70 
P S COMB . 
. 54 . 53 . 61 
60% Pro bab i l i ty Pred i c ted 
More tha n 50% o f  practi c i n g  o ptome­
tri sts wi l l  be us i n g " a utoma ted 
d i a gnosti c "  equ i pment  by 1 98 5 . 
C E L P 
. 39  . 57 . 4 3  . 40 
S COMB . 
. 28 . 42 
40 % Pro ba bi l i ty Pred i cted 
28 . 
C E 
. 8 5  . 81 
L p 
. 88 . 87 
S COMB . 
. 7 1  . 83 
90% Pro ba b i l i ty Pred i cted 
5 .  Central  computer di a g nosti c serv i ces 
wi l l  be ava i l a bl e  to a l l optometri s ts 
nati onwi de by 1 98 5 .  
C E 
. 44 . 53 
L p 
. 5 5 . 66 
S COMB . 
. 55 . 5 5  
50% Proba bi l i ty Pred i c ted 
6 .  Al l states wi l l  have pas s ed ena bl i n g  
l eg i s l a t i o n  o r  wi l l  have fou nd o ther 
l ega l  means  for permi tti n g  optome­
tri s ts to use pharmaceu t i c a l  a gents 
fo r d i a gnosti c purposes by 1 98 5. 
C E L P S COMB . 
. 77 . 58 . 68 . 60 . 7 2  . 67 
70% Proba b i l i ty Pred i c ted 
TAB L E  7 ( co �tinu �d ) 
7 .  " Na tio n a l  Heal th  I n sura nce" , inc l ud­
ing the ful l s c o pe o f  o ptometric care ,  
wil l be avail a b l e  to a l l persons  
rega rdl ess  of a ge by 1 985 . 
c 
. 5 9 
E 
. 56  
L p 
. 4 5  . 72 
S COMB. 
. 56  . 57  
60% Pro babil ity Predic ted 
8 .  Util izatio n o f  parao ptometric 
person nel by o ptometris ts wil l be 
doubl ed by 1 985 . 
c 
. 82 
E L 
. 80 . 90 
p 
. 9 2 
S COMB. 
. 92 . 87 
90% Pro ba bil ity Predicted 
9 .  Optometris ts wil l be required to 
per form s ome genera l hea l th  s creenin g 
( i. e .  bl ood pres sure ) o n  patients  
by 1 985 . 
c 
. 67 
E L 
. 59 . 57 
p 
. 57 
S COMB . 
. 61  . 60  
63% P ro ba bil ity Predicted 
1 0 . Commercial ism in o ptometry wil l have 
disa p peared by 1 985 . 
c 
. 1 9 
E L 
. 14 . 1 8 
p 
. 2 5  
S COMB . 
. 1 8  . 1 9  
1 5 %  Pro ba bil ity Predicted 
1 1 . By 1 98 5  a t  l eas t 2 5% o f  practicin g 
o ptometris ts wil l not  engage i n  
dis pensing ma terial s. 
c 
. 56 
E L 
. 7 3  . 6 3 
p 
. 69  
S COMB . 
. 7 7  . 68 
70% Pro babil ity Predicted 
1 2 .  Optometric s pecia l ities 1vil l be 
reco g nized a nd s pecia l ists certi­
fied by a n  independent  na tio n a l  
board o f  certificatio n by 1 985. 
c 
. 54 
E 
. 72 
L 
. 69 
p 
. 64 
S COMB . 
. 53 . 63 
70% Probabil ity Predicted 
1 3 .  Price advertisi n g  by a l l heal t h  
pro f e s  s i o n  s w i l 1 be l e g a 1 i n a l l 
s ta tes by 1 985 . 
c 
. 44 
E L 
. 42 . 53 
p 
. 3 9 
S COMB . 
. 1 7 . 40 
40% Pro ba bil ity Predicted 
B ail ey , J . H. ,  AOA Del phi Pro gram : Future o f  Opto�etric Practice , J. A. O . A. ,  
46 ( 5 ) : p 547- 5 52, May , 1 975 . 
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TABLE  8 
D I STR I BUTI ON O F  L I C ENSED  O PTOMETR I STS 
No rt h ea s t  
North Centra l 
South  
Wes t 
Per Cent o f  
Res i d ent 
Popul ati on  
2 4  
2 7  
32 
1 8  
Per Cent o f  
L i cens ed 
Optometr i s ts 
2 5  
30 
2 4  
2 1  
MED IAN  AGE QF  OPTOM ETR I STS 
BY TY PE OF PRACT I C E  AND  REG ION  AGE  OF  ACT I V E  O PTOMETRI STS 
Type o f  Pract i ce 
,l\ 1 1  Forms 
So l o  
Pa rtners h i p 
Grou p 
Empl oyee 
4 9  .4 
51 . 1  
46. 2 
47 . 4  
4 2 . 9  
Under a g e  30 
Age 30 to 3 9  
A g e  40 to 4 9  
Age  5 0  to  5 9  
Age 60 to 6 9  
Age 7 0  + 
9 �� 
1 6 % 
2 8 %  
32 % 
1 1 %  
4 %  
ACTI V I TY STJHUS .l\ND  LOCATI ON  O F  L I CENS ED OPTOMETR I STS 
To tal  Act i ve I na cti ve  Ret i red Not Ret i red 
2 1 , 6 9 7  1 9 , 2 6 5  2 , 4 32 1 , 21 7  1 , 2 1 5  
OPTOMETRY , COMPARED TO OTHER HEALTH PRO FESS I ONS 
Optometry Med i c i n e Denti s trt Osteopa th,l'. 
Number o f  Prac t i ti o n ers  1 9 , 2 6 5  330 , 00 0  1 1 2 , 0 2 0  1 5 , 0 00 
Number o f  S c hoo l s  1 5 *  1 14 5 9  9 
Number o f  1 97 5  graduates 9 0 6  1 1 , 6 1 3 4 , 9 6 9  6 9 5  
* I ncl udes two Canad i a n  s choo l s  o f  o ptometry 
30 . 
Pha rma cl'. 
1 30 , 000 
7 2  
6 , 7 1 2  
TAB L E  8 ( co nti nued ) 
U . S .  POPULAT I ON : 1 9 7 5  - 1 98 5  
Esti mated 1 97 5  Popu l ati o n  Proj ected 1 985 Po pu l at i o n  
( i n  mi l l i o ns ) ( i n  mi l l i o ns ) 
Age Gro u� Men Women Total Men \!!omen Tota l 
0- 14  Years 2 7 . 3  2 6 . 3  53 . 6  24 . 7 - 23 . 3- 48 . 0-
31 . 2* 29 . 7* 60 . 9* 
1 5- 1 9  Yea rs 1 0. 7  1 0 . 4  2 1 . 1  9 . 1  8 . 9 1 8 . 0  
20- 24 Years 9 . 7  9 . 6  1 9 . 3  1 0 . 3  1 0 . 2  20 . 5  
2 5- 34 Years 1 5 . 3  1 5 . 6  30 . 9  1 9 . 8  20 . 0  39 . 8  
35-49 Years 1 6 . 9  1 7. 8  34 . 7  2 1 . 0  2 1 . 9  42 . 9  
50- 64 Years 1 5 . 1  1 6 . 6  31 . 7 1 5 .  5 1 6 . 9  32. 4 
65- 74 Years 6 . 0 7 . 8 1 3 . 8  7 . 0 9. 3 1 6 . 3  
7 5  + Years 3 . 2  5 . 4  8 . 6  3. 6 6 . 6  1 10 . 2  
TOTAL 1 04 . 2  1 0 9 . 5  21 3. 7  1 1 1 . 0- 1 1 7 . 1 - 2 28 . 1 -
1 1 7 . 5* 1 2 3 . 5* 241 . 0* 
* I n  the  po pul ati o n  pro j ecti ons for 1 985 , two fi gures are shown fo r t h e  
0- 14  a ge gro u p  a n d  for t h e  tota l . T h is  range  a l l ows for poss i b l e 
var i ati o ns i n  b i rth rates duri n g  comi ng  years a nd , t h us ,  for vari ati ons 
i n  th e number o f  c h i l dren  u nder 1 0 .  
FREQUENCY O F  E Y E  EXAM I NAT IONS  AMONG W EARERS O F  CORRECTI V E  L E N S ES 
Frequency Amo n g  Amo ng  Al l 
Peo p l e v/ho See  Peo pl e Who  S ee Al l Peo p l e 
O ptometrists O phtha l mo l o g i sts 
Two or three times a yea r 7%  1 5% 1 0% 
Once  a Year 40% 41% 41% 
Every Two to Three Years 38% 37%  3 n  
Less Tha n  Ev ery Three Y ears 1 0% 6% 8% 
31 . 
TAB L E  8 ( co nt i nu ed ) 
O PTOMETR I C  PATI ENT LOAD : V ISUAL EXAM I NATIONS 
Pa t i ents/Week P er Cent o f  
Optom etr i s ts 
I 
0 to 1 0  5 
1 1  to 20 1 9  
21  to 30 31 - 31 to 40  21  
41  to 50 1 2  
51 + 8 
Do n 1 t Know 4 
Med i a n  30 Pa ti en ts 
Mea n  33 Pa ti ents 
O PTOMETR I C  PATI ENT LOAD : OTH ER PRO FESS I ONAL S ERV I C ES 
Pa t i ents/Heek Per Cent o f  
Optometr i s ts 
0 to 20 20 
21 to 40 35 
41 to 60 1 9  
61 to 80  5 
81  to 1 00 7 
1 01 + 1 2  
Do n 1 t Know 2 
Pa nel Report ,  O phtha l m i c  A l manac a nd For eca s t ,  Rev i ew of  Optometry,  1 1 5  
( 1 ) : p .  49-55, Ja nuary 1 5 , 1 97 8 .  
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FUTURE ROLE AND S CO P E  O F  OPTOMETRY 
I f  the  trends conti nue  to bu i l d ,  what impact ca n be expected o n  the  rol e 
and  s cope  o f  practi ce?  
Some bel i eve  that by 198 5 ,  optometry ' s  emphas i s  s hou l d be o n  the  preven­
t i o n  of eye a nd v i s i o n  pro bl ems . Mi n i mum care wi l l  not  be eno ugh  to ma i n ­
ta i n  the  pro fes s i on . 
I f  the  profes s i on purs u es a n  expa nd i n g  s cope  o f  s erv i c e ,  i ts rol e i n  
nati o na 1 h ea 1 th i ns urance wi l l  b e  at  a pri mary entry po i n t wh i c h ca n pro vi  de 
s erv i ces  a t  l ower real  cos ts than  ophtha l mo l o gy a nd free  h i gher- pri ced 
3 3  ophtha l mo l o gi s ts to  do the  s peci a l i zed wor k  for �-1h i ch they were tra i n ed .  
Nat i ona l  h ea l th i nsurance  may p l ace  empha s i s  on  HMO ' s  a nd o th er Hea l th 
Management- type organ i za t i ons . 
I t  s eems h i gh l y l i kel y that by 1 985 a bout  30  to 3 5  percent o f  medi cal  
practi c e  wi l l  b e  carri ed o n  by HMO ' s . 34 
Some feel the p ro s pects o f  national  h ea l th i ns urance are  becom i n g  
mo re remote . 
One  reason , accord i n g  to the Co ngress i o n a l  Budget Offi c e  i s  conti nued and 
unco n trol l ed h ea l th care cos ts , combi n ed wi th cos t  overruns and  fi na nc i a l  
s canda l s  i n  t h e  Med i ca i d  a n d  Medi care programs . That n o  effec t i v e  cos t  
conta i nment po l i cy i s  i n  effect fo r ex i s ti n g  programs ma kes the  l i k e l ihood 
o f  a ma jor l eg i s l a t i ve effort remo te . 
It s eems that the  Carter Admi n i s tratton has adopted two pri o ri t i es . 
Th e f irst  i s  co s t  conta i nmen t a nd the s econd to enco ura g e  fo rcefu l l y  the 
devel o pme nt  o f  a 1 ternate sys terns of h eal th  care del i very , parti cu l  ar1y  that 
of the  HMO . 
33 . 
Optometry mus t  forceful l y  obta i n  i nc l us i on i n  thi s co nso l i da t i o n  effort , 
then a cri t i c al h i s tori c momen t fo r our pro fess i on wi l l  have pa s s ed . 
The government  i s  l i kel y to l i beral i ze l oa n  guarantee prov i s i o ns fo r 
HMO's . Th ere fore we must  fi ght to guarantee i nc lus i o n i n  devel opment  o f  HMO 
regul ati o n s . Optometry mus t  al so so l v e  prob l ems i n  profes s i onal  pl acement, 
i nterpro fess i onal  rel ati o ns h i ps, and  our rol e i n  HMO's . 35 
Optometry mus t pl ay a n  i n tegra l part i n  HMO ' s  and  o ther evo l v i n g  heal th 
care del i very sys tems . I n  ma ny commun i t i es o n e  can  v i s i t a n  o ptometr i st i n  the  
same o ffi c e  o f  a p hys i ci an or  denti s t .  HMO's h av e  foun d  i t  cost- effecti ve to 
uti l i ze OD ' s  for pri mary eye/vi s i on ca re . 36 
Th e Carter admi n i s tra t i o n  i s  emphas i z i ng HMO ' s  and such federa l pro grams 
as CHAMPUS and  FEHBA are j o i n i n g  Medi caid and  Med i care i n  ut i l i zi ng these  
del i very sys tems . 
It has been shown that i t  i s  cos t- effecti ve for a n  HMO or  heal th center 
to maximi z e  th e us e o f  o ptometri s ts i n  prov i d i ng  eye/ v i s i on care s ervi ces . 37 
The ready access i b i l i ty of  the ski l l s  of  optometry as  an  adjunct to i n terna l 
me� i c i ne and  ped i atri cs prov i d es for enha nced pati ent care . 
Optometry i s  reco gn i z ed i n  the H ea l th  Ma i ntena nce Act o f  1 973  as  a l og i ca l  
member o f  a mul t i di s c i pl i nary group pract i ce . There are  a l so  prov i s i on s  for 
i nc l ud i ng o ptometri s ts as  members of  the  med i ca l  group s ponsor i n g  a n  HMO . 
A ca s e  to t h e  po i nt :  
Th e fo l l owi ng  s tati st i cs were taken from a four-year experi ence o f  
o pera t i o n  o f  the  Genes ee  Val l ey Group Heal th  Associ ati o n  ( GVGHA ) i n  Roc h es ter , 
New York . The group has a memb ers hi p pres entl y o f  32 , 000 patien ts . 
The l ar ges t por t i o n  o f  eye/ v i s i on  care del i very i s  funct i o na l  
v i sual care ( 70 . 6%) . Th i s  i ncl udes correcti o n  o f  refracti ve  erro rs 
through o b j ec t i v e  and  subj ecti ve  refract ion  ( 54 . 6% ) , contact  l ens  
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fi tti n g  ( 14 . 6% ) , t h e  correcti on  o f  func t i o na l  extraocul a r  
musc l e imba l a nces through  v i s ua l  tra i n i ng and  enhancement 
of s u bnorma l v i s i o n . through tel esco p i c  sys tems ( 1 . 4% ) . 
Th e n ext ma jor  port i o n  o f  eye care del i very cons i s ts 
o f  ocul ar hea l th  ( 27 . 9% )  wh i ch  i ncl uded s ubacute a nd chro n i c  
eye i nfect i o ns a nd i n fl amma ti o ns , ocul a r  trauma , a n d  t h e  ocu l ar 
ma n i fes ta t i o n  o f  sys tem i c  d i s eas e .  
The fi na l  s egmen t o f  eye ca re del i very i ncl udes s ur­
g i ca l  eye care  ( 1 . 5% ) . 
Form o f  Care Del i vered by 
OD  MD  
A .  Funct iona l  
1 )  Refract i v e  
2 )  Co ntact Lens 
3) V i s i on Tra i n i n g , 
S u bnorma l V i s i o n , 
and  Devel o pmental Vi s i o n  
B .  Ocul a r  
Yes 
Yes 
Yes 
Yes 
Yes 
1 )  Preventi ve Yes 
2 )  Acute Yes 
3) Cron i c Anter i o r  
S egment Yes 
4 )  Chro n i c Pos ter i o r  
C .  Surgi c a l  
S egment No 
1 )  E l ec ti ve  Surgery No 
2 }  S i ght-Sav i ng Surgery No 
Yes  
Yes 
No 
Yes 
No 
Y es 
Yes 
Yes 
Yes 
Yes 
Yes 
% 
54 . 6  
14 . 6  
1 . 4 
1 6 . 7  
5 . 6  
2 . 8  
2 . 8 
0 . 9  
0 . 6  
App ly i n g  t h e  fol l owi n g  o pt i o ns fo r eye care del i very to the  
a bove ta bl e s hows how rea l and  i ncrea s i ng  dol l a r sav i ngs may be  
ma de  by max i mum uti l i zat i o n  of  optometri s ts rather  than  o phtha l mo l o ­
g i s ts . Th e do l l ar fi gures as s ume  a n  avera ge OD  a n nual  i ncome o f  
$30 , 000 a nd a n  average ophtha l mo l o g i s t  a nnual  i ncome o f  $80 , 000 , 
ut i l i z i ng the equ i va l ent  o f  o ne eye/ v i s i on care pro fes s i onal  ( O D ,  
MD , or  comb i nati on  to prov i de s ervi ces to a u n i t o f  1 2 , 000 enro l l ees 
i n  a 1 2  mo nth peri od . 
Type 1 :  O ptometry i s  not uti l i zed , total cost  $80 , 000  for 
o n e  y ea r . 
Type 2 :  O ptometry uti l i z ed to pro v i de refract i o n  care o n l y  
( 54 . 6% ) , to tal c o s t  $ 52 , 700 . 
Type  3 :  O ptometry i s  ut i l i z ed to prov i de not on l y refra c t i v e  
c a r e  ( 54 . 6% )  but  a l so prev enti ve  ocul a r  care ( 1 6 . 7% ) . To tal  cos t  
i s  $43 , 3 50 fo r o n e  yea r .  
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Type 4 :  O ptometry adds the rema rn r ng  as pects o f  fu nct iona l  
care , i . e . , conta ct l ens ( 1 4 . 6% )  p l us v i s ion  tra i n i n g ,  s u bno rma l 
v i s i o n  a nd devel o pmenta l  v i s i o n (1 . 4%)  for a tota l o f  87 . 3% .  The 
to tal cos t  is 36 , 350  per year . 
Type  5 :  O ptometry adds care  o f  acute and chron i c anter i o r  
s egment ocu l a r  ca re ( 8 . 4% )  or  a total o f  95 . 7% fo r a total co s t  
o f  $ 32 , 1 50 .  
Thus , i ncreas ed uti l i za t i o n  a nd i ncreas ed scope  o f  del i very 
o f  o p tometry s erv i ces  ( pr i ma ry care  o ptometry ) i s  extremel y  cos t­
e ffecti ve  i n  a mul t idis c i p l i nary practi ce .  38 
I f  we pro j ect the  res u l ts  o f  the  a bove  d i s c us s i o n  to a n  HMO 
s erv i ng 1 20 , 000  pati ents , t h e  fol l owing occurs : 
Type Cos t  o f  Pl a n  Del i vered Sav i ngs/ Year 
1 $800 , 000 
2 527 , 000 $27 3 , 000 ( over 1 )  
3 433 , 500 3 6 6 , 500 ( over 1 )  
93 , 500 ( over 2 )  
4 363 , 500 436 , 500 ( ov er 1 )  
1 6 3 , 500 (over  2 )  
70 , 000 ( ov er 3 )  
5 321 , 500 478 , 500 ( over 1 )  
205 , 500 ( over 2 )  
1 1 2  ' 000 ( over 3 )  
42 , 000 ( over 4 )  
NO\v th i n k  o f  the  s a v i ngs i f  th i s mo del  were proj ected 
onto the  Uni ted Sta tes as  a whol e .  
Optometry mus t  l oo k  a t  what oth er pro fes s i ons  are do i ng i n  effo rts to 
a l l ev i a te ma n power prob l ems they face . 
I f  t h e  fru i ts o f  tec hno l o gy are  to be  uti l i z ed wi th i n the expa nd i n g  rol e 
o f  v i s i o n  car e ,  and  s ti l l prov i de cos t- e ffect i v e  comprehens i v e  care the  
o ptometri s t  must a s s ume  a l arger d l i n i ca l  ro l e  wi th i n  a team . No t on ly  i n  
pr i vate gro u ps , but  i n  c l i n i cs , centers , a n d  hos pi ta l s .  
I t  i s  not expected that the  o ptometr i s t  o f  the  future w i l l be i n  a 
s o l o general  pract i ce .  I n  s u c h  a s etti n g  a n  extra benefi t wi l l  be  i mmed i ate 
co ns u l tat ion  and  referral sources with i n  the group  or c l i ni c .  
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A fi na l  rol e change  i s  that i ncrea s ed knowl edg e  a nd automa t i o n  fo rces 
s pec i a l i za t i o n  of  s erv i ces . S ep c t a l i zat i o n  a l l ows for greater s ki l l  wi th i n  
one ' s  part i cul a r  a rea o f  wor k ,  but  a l so reduces one ' s  a deptness i n  c erta i n  
a rea s w i th i n  the ex pand i n g  pro fes s i on . Th i s  w i l l  create pro bl ems s ho u l d no 
a ttempt be  made  to i ntegrate the act i v i t i es of var i o u s  s peci a l i ti es .  
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I NTERPROFESS IONAL RELATIONS 
Not o n l y  w i l l o ptometry req u i re grea ter i nterna l orga n i za t i o n , i t  w i l l 
n eed i mprov ed cooperat i o n  wi th the other v i s i o n  pro fes s i ons . 
Ophtha l mo l o gy i s  concerned that  o p tometry des i res to mov e  i nto the  area 
of d e fi n i ti ve d i agnos i s  a nd trea tment whi l e  optometry fee l s an attempt to b e  
el imi na ted by o phtha l mo l o gy through  uti l i zat i o n  o f  techn i ca l l y  tra i n ed person n e l  . 39 
Th e s i tua t i o n  i s  no t i n  the  i nteres t o f  ei ther profess i on or the pub l i c .  
A d efi n i n g  of  s ki l l s  i s  n eeded w i th greater i nterpro fes s i ona1  educa t i o n  a nd 
researc h . 
The rol e o f  both pro fess i o ns i n  NH I was d i scus s ed prev i o us l y . 
Regardl es s o f  th e form o f  orga n i za t i o n , imp l ementa t i o n  of  the h ea l th 
team concept has accel era ted . I n  s uch  a team , the  phys i c i a n  has fel t a 
trad i ti o na l  o r  i nherent ri ght  to rul e .  However , i n  a n  organ i z ed s etti n g  
o n  a prebudgeted payment mecha n i sm ,  compet i ti o n  for fees cou l d fad e  out . 
Under thes e c i rcums tances , co h es i venes s  and  recogn i ti o n  o f  res po ns i b i l i ty wi l l  
grow . Th e ro l e o f  ea ch member o f  the team w i l l expand to i ts fu l l es t  potenti a l  
for h i s  part icu l a r  v i s ua l  s k i l l s .  
On  a budget , t h e  cos t- conc i ous  team wi l l  no t s pend i ts resources for mo re 
cos t l y  members to do a pa rti cu l ar  ta s k  i f  the rol e can be  fi l l ed at a l es s er 
cos t .  
Fi na l l y ,  j us t  a s  the o phtha l mo l og i s t  i n  th e a bove  model  was s u bs ti tuted 
by the l es s  expens i ve o ptometri s t ,  so coul d the  o ptometri s t  be d i s pl aced  
i n  certa i n  tasks by a techn i c i an , and  the tech n i c i a n  by a n  automated i ns trument . 
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COST :  MONETARY 
Th e expense o f  an automa ted o ffi ce  i s  r e l a t i v e  to the  commi tment to new 
i ns truments , computer i zati o n ,  a n d  n umbers o f  techn i ca l  perso nnel  a bove pres ent 
1 eve l s . 
Pres entl y ,  a n  a u toma ti c  o bj ec t i v e  refract i o n  i ns trument wou l d co st  be­
tween 1 5 , 000 to 30 , 000 dol l ars . Mos t  wou l d  co n s i der th i s  beyond the poten t i a l s 
o f  thei r  o ffi c e . Howev er , i t  i s  pointed out  that th i s  i ns trument a l o n e ,  
" cou l d pro v i de one-a nd- o n e- ha l f hours per day i n  saved t ime , ( extra-pa t i ent  
po tenti a l ) ,  and ma k e  extra data avai l ab l e mo re rap i d l y . Th i s  woul d al l ow 
t he o ptometri s t  to preform h i's j o b  fas ter . "  40 
Another a utho r a rri ved at the same co ncl us i o n , but  fo r a h i gh ly  auto­
mated �ffi c e .  The a r t i c l e pos es a hypothet i cal fi gure of a n nual overhead o f  
$250 , 000 , yet proj ected a cost  to t h e  patient o f  $27 . 7 5  - l es s  than c urren t ly  
charged fo r pro fes s i o na 1 s ervi ces i n  ma ny p l  aces . 
Aga i n ,  the  reducti o n  i s  due  to productivity . The exampl e i l l us trated 
a two-doctor c l i ni c  s ta ffed wi th  tra i n ed techn i c i ans . I t  propo s ed a doctor 
woul d s ee 30- 35  pa t i ents per day . 41  
It was fo und , that pres ent- day optometr i s ts were w i l l i n g  to pay a " s c hoo l ed 
o ptometr i c  techn i c i a n  w i th  o ne years exper i ence between $3 , 852  to $6 , 21 8  each 
year . Th es e pro j ected sa l ar i es s eem to be  competi ti ve w i th other a nc i l l ary 
h ea l th personne l  requ i ri ng two years tra i n i n g . "  42 
Stud i es do i nd icate that i ncrea s ed producti v i ty wou l d overcome pres ent 
l evel s o f  tec hn i c i a n ex pens e a n d  costs of i ncrea s ed o ffi c e  s pace . 43 
Fi nal l y ,  th e mo n etary expen s e  of computers has tradi t i o na l l y  been con­
cei v ed as too expens i v e . 
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To day ; however , the  wo rd computer refers to a n  en ti re tr i b e o f  dev i ces 
from d es k-top ca l c u l a tors to g i a nt I BM- type i nsta l l a t i o ns . I n  between t h ere 
are  mi n i - comput ers wh i ch ca n be pro grammed for a l a rge  va ri ety of fu nc t i o ns 
a nd " de d i ca ted " computers des i g ned to carry o u t  s pec i fi c  functi o n s . 
S urpri s i n gl y ,  a l l the  a bove  computers are econom i ca l l y  feas i bl e  i n  
o p tometry . 
"At  l ea s t  two d i fferent mi n i - compu ters are  currentl y ava i l ab l e fo r l ess  
than  $ 1 , 000 eac h . They a re ca pab l e o f  bei ng  pro gramed , by mea n s  o f  a s i mp l e 
mnemo n i c l a ngua ge , to prefo rm a u toma t i ca l l y  i n  excess o f  1 30 s equent i a l  
pro gram s teps . T h e  v er s at i l i ty i s  devel o p i ng  ra p i d l y  a n d  mo de l s h av i ng even  
44 wi der range are  expec t ed i n  the n ea r  future . "  Th e c i rcu i ts of thes compu-
ters are current ly  mas s - pro duced a t  l ow c o s ts . Ca l cu l a tors  co s t i ng  $ 500  fi ve  
y ears a go ,  to day s el l fo r 1 ess  t h a n  $ 1 50 . 
I n  a recent a rti c l e ,  a Pa c i fi c  Un i v ers i ty thes i s  gro u p  crea ted pro grams 
( Optometry Pa ck ) fo r t h e  Hewl ett- Pac kard H P- 67 and  H P- 97 pro grama bl e ca l -
c u l ators . Th es e two c a l c u l ators  are  v ery s i mi l a r to m i n i computers : they 
a l l ow a n  O . D . to wri te , record a nd run  h i s own pro grams . 
Ea c h  pro gram i s  reco rded a n d  s tor ed o n  a n  eas i l y acces s i bl e ma gnet i c  
card . The V i s ua l  S c i ences covered i n  t h e  Optometry Pac k i nc l u des : Ophtha l mi c 
opt i c s  ( 8  pro grams ) , Contact  l en s es ( 1 4 pro grams ) , Ani s e i ko n i a  ( 2  pro grams ) , 
Low V i s i o n  ( 4  pro grams ) and  C a s e  Ana l ys i s  ( 3  pro grams ) . Eac h  o f  the  
catego r i es i n  the  $45 pa c k  are  $ 1 0  s eparatel y .  
H ew l ett- Pac kard a l so have  pro grams for bus i n es s , i n vo i c i n g , payro l l ,  
i nvento ry , and  s ta t i s t i cs . Al l pro grams w i l l b e  v a l i d  i n  future mo de l s and  
buyers may o bta i n  oth er i deas  from H P 1 s  pro gram i n g  boo kl et and  User ' s  
L ' b 45 i rary . 
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A n ew sys tem by Ma na gemen t  Data S c i ences , the  MDS Sys tems 1 0  co nta i ns 
24 , 000  i nd i v i dua l  bytes i n  a s em i conductor memo ry a nd a d u a l  fl o ppy d i s c  
memo ry wh i ch can  ho l d a n  add i t i ona l  mi l lion c haracters per d i s c . 
T h e  pro grams des i g ned for o ptometry a nd o phtha l mo l o gy i nc l ude  ( 1 )  
pers ona l i z ed reca l l l etters and  s tatus i nput , ( 2 )  accounti n g  sys tem to g i v e  
i ns tanta n eo us h i s tory o f  a pat i ent ' s  account , ( 3 )  persona l i zed b i l l i ng l etters , 
( 4 )  ca s h  fl ow a na l ys i s ,  and  ( 5 ) compl ete ma nagement pro fi l e .  Cos t  $ 2 2 , 000 . 4 6  
Even the  l a rge  I BM- type sys tems c a n  b e  ut i l i zed by t h e  pract i t i o ner a t  
a reas o na b l y  l ow co s t .  Th i s  i s  made pos s i bl e  by t h e  ex i s t ence o f  r emo te ter-
m i na l s a nd t i me s ha r i n g . Termi nal s co nnected to the ma i n  computer i ns ta l l a t i on 
by tel epho ne  may be l ea s ed o r  bou g h t  a t  a bo u t  $ 1 500 . 
Ti me s h a r i ng means  tha t  a numb er o f  u s ers can  u s e  t h e  computer a t  the  
same t i me , so  t hat  co s t  of  runn i ng  the computer i s  s ha red by a l l . The run n i ng  
cost  s ho u l d be  no more than  the  s a l ary pa i d  to  a sen i o r  o ffi ce as s i s tant . 
" To run  s u c h  a pro gram , t h e  u s er needs on l y the  a b i l i ty to type . He 
does no t need to know a nyth i n g a bo u t  how the  pro gram wo rks  or  how the  mac h i ne 
o p era tes . 1 1  4 7  
I t  ca n b e  conc l uded , t hat  mas s  pro d u ct i o n ,  t i me s h a r i ng  a nd i ncreased 
product i v i ty may poten t i a l l y  overcome the  mo neta ry co s ts o f  automa t i o n . 
The mo n etary as pects o f  n ew i ns truments are  ev i dentl y no t th e pr i mary 
concern w i th  o p tometr i s ts . More and  mo re doctors o f  o ptometry are  buyi ng 
i ns trurien ts . 
A ma jor i ty o f  0 . 0 . ' s  own s l i t  l amps a n d  s p hygmomanometers , a n d  others  
ut i l i ze rad i u s co pes , s pec i a l  V . T .  d e v i ces , fu ndus cameras a nd s c reen i n g  dev i ces . 
I n  genera l , o ptometr i s ts s eem s a t i s fi ed w i th t h e  s erv i c e a nd qua l i ty o f  
t h e  i ns truments they purc has e .  W h en po l l ed many i nd i ca ted they l oo k  for 
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qual i ty fi rs t .  Mos t  i mporta n t  i s  whether the i ns trument ca n do what i t  
was des i gned fo r .  Nex t ,  they l ooked a t  serv i ce ,  and o nl y t hen d i d  price , 
adv i ce from o thers , and avai l a b i l i ty fi gure i nto thei r fi nal  dec i s i o n . 48 
Far a more in depth review of how computers can 
influence optometry� see Appendix I of this thesis ! 
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COS T :  PROFESS I ONAL ( W I LL O PTOMETR I STS ACC EPT AUTOMATI ON )  
I n  a recent arti c l e ,  Oregon  o ptometr i s ts were a s ked what res earc h  areas  
mos t pra cti t i o ners fel t were mo s t  i mpo rta n t  for co ns i dera t i o n . 
I t  becomes q u i te apparent from the  ta bl e ( Ta b l e 9 )  that  a pr i o r i ty wa s 
o n  th e eva l ua t i o n  o f  n e\v equi pment  a n d  tec h n i q u es wi th  s econd pri ori ty go i n g  
to v i s i o n  tra i n i ng ,  deve l o pmental  v i s i on , contact l ens es and case  a n a l ys i s . 
The  l owes t  pr i ori t i es were for r es earch i n  d i s pens i ng a nd pract i c e  mana gement . 
Th es e  pr i o r i ti es refl ect the  c ha n g i n g  nature  o f  o ptometr i c  pract i ce and  refl ect 
att i tudes  a i med  a t  getti n g  a gra s p  on new i ns trument ut i l i za t i o n . 49 
Al o n g  s i mi l a r l i n es , res po n s es from a nati ona l  po l l  prov i de i ns i g hts a s  
to t h e  k i nds  o f  i ns trumenta t i o n  o ptometri s ts wo u l d l i ke to .s ee devel o p . 
Head i ng th e l i s t  was a n  o phtha l mometer that coul d meas ure per i phera l , a s  
wel l as  centra l  co rnea . Oth ers des i red b etter i ns truments for mea sur i n g 
and  c h ec k i ng  s o ft l en s es . Ano ther wou l d l i ke a fundus  camera , reaso n a bl y 
pr i ced , a n d  not req u i r i n g  d i l a t i o n . 
W h en qu i zzed a bout  computer tec h no l o gy ,  o ptometr i s ts had  ma ny i d eas . 
One  i dea wa s to i mprov e  the  Humphrey V i s i on Ana l yzer and  t h en hoo k i t  u p  by 
tel ephone  to three o r  fo ur  other  doctors . Al so , a n  a u toma ted l en someter 
co u l d be  r u n  through  the same computer , cutti n g  costs drama ti ca l l y ,  Other 
i d ea s  ran  from ca l cul a tors  for optometry to centra l i zed i n forma t i o n  ban ks o n  
t .  t 50 pa i en s .  
Th e i nteres t i n g  concl u s i on  from s u ch comments i s  that  i t  becomes c l ear 
that  o ptometri s ts do not fea r i m proved o r  au toma ted i ns trumenta t i o n , but t h e  
u s e  o f  s uc h  dev i ces i n  a ma n n er wh i c h  wou l d detract  from the  pati ents total  
v i s ua l  needs o r  be  u s ed i n  an  " uneth i ca l " ma n ner . ( See  Tab l e 1 0 )  
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Fi rst  
Pri or i ty 
New equi pment 
a nd techn i ques  ( 26%)  
V i s i o n  tra i n i ng and  
devel  opmenta 1 
v i s i o n  ( 1 7% }  
Patho l o gy ( 1 2 % )  
Contact l ens es ( 1 2 % )  
E l ectro d i ag nos i s  
( 1 1 % )  
Pract ice  ma na ge-
ment ( 4% )  
Low vi s i o n  ( 2% )  
Pharmacol o gy ( 2%)  
Di s pens i ng ( 1  % ) 
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Seco nd 
Pri or i ty 
Co ntact 1 ens es 
( 1 9% )  
New equi pment a nd 
techn i ques ( 1 5% )  
V i s i on tra i n i ng and 
devel opmenta l  v i s i o n  
( 1 5% )  
E l ectro d i a gno s i s  
( 1 3% )  
Practi c e  manage­
ment ( 1 0%}  
Cas e  a n a l ys i s  ( 8%)  
Low v i  s i on ( 7  % ) 
Pa tho 1 o gy ( 6 % )  
Pharmacol ogy ( 4% )  
Di s pe ns i ng ( 2% )  
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Th i rd 
Pri or i ty 
Conta ct 1 ens es 
( 1 9% )  
V i s i o n  tra i n i ng  a nd 
deve 1 o pmenta1 
v i s i o n  ( 1 6 % )  
Patho l ogy ( 1 5% )  
New equi pment a nd 
techn i ques ( 1 3% )  
E l ectrodi a g no s i s  
( 1 0%)  
Practi ce  ma nage-
ment ( 9% )  
Pharmacol ogy ( 6% )  
Low v i s i o n  ( 5% )  
Cas e  a na l ys i s  ( 5% )  
Di s pens i ng ( 2% )  
Lowest  
Pri o ri ty 
Di s pens i ng ( 41 % )  
Practi ce  ma na gement 
( 1 6%)  
El ecto d i a gno s i s  
( 1 0%)  
Ca s e  Ana l ys i s  
( 8% )  
V i s i on tra i n i ng 
a nd devel op­
menta l  v i s i on 
( 7% )  
Pharma col o gy ( 5% )  
Pathol ogy (4% ) 
Low Vi s i o n  ( 4 % )  
New eq u i pment 
and  techn i ques 
( 2% )  
Contact 1 ens  es 
( 2 % )  
TABLE 1 0  
Do you f avor o r  oppose automat ion? 
Favor 4 4 . 4 % 
Oppose 3 3 . 1 % 
Don ' t  Know/No Answer 8 %  
How w i l l  automation a f fect the ef f ic i ency of 
c are in the next 20 years? 
Improve i t  great l y  
Improve i t  some 
Not e f fect i t  
Decrease i t  some 
Dec rease i t  great ly 
Don ' t  Know/No Answer 
1 5 . 6 % 
4 5 . 6 % 
2 3 . 2 % 
8 . 4 % 
1 .  5 %  
1 .  9 %  
How wi l l  automation a f f ect the qual ity o f  
c are i n  the next 2 0  yea r s ?  
I mprove i t  great ly 
I mprove i t  some 
Not a f fect qual ity 
Decrease i t  some 
Decrease i t  greatly 
Don ' t  Know/No Answer 
3 . 0 % 
3 0 . 8 % 
2 8 . 5 % 
1 7 . 9 % 
4 . 6 % 
. 4 % 
Percentage of optomet rists who have the fol lowing 
instruments? 
Automated Re fractors 3 . 0 % 
Automated F i e l d  Tester 1 2 . 5 %  
F undus C amera 
Radius cope 
S l it Lamp 
Sphy gmomanometer 
Vision Trai l i ng 
4 . 9 % 
3 9 . 9 % 
8 8 . 2 % 
6 1 .  2 %  
4 9 . 4 % 
( B l ake , B a rb ara , Panel Report : Automat i on : Wi l l  it 
C l i ck with Today ' s  O . D . ? ,  Review o f  Optometry , 1 1 5  
( 3 ) : p .  6 5- 6 8 , March 1 5 , 19 7 8 . )  
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CONCLUS I ON 
Whether automa t i o n  i s  fea red o r  wel comed , can  o n l y  be answered by the 
i nd i v i dua l  o ptometr i s t .  Each practi c t i o ner mus t  dec i de w i th i n h i s  own framewor k  
o f  persona l  b i a s  a nd expectati ons  how a u toma t i o n  w i l l  i nfl uence h i s  n eeds . 
Fi nal l y ,  a fter de l i bera ti ng the many as pects i nvo l ved , h e  mu st  a l so  dec i de how 
a utoma t i o n  w i l l  i nfl uence the qua l i ty of care �r the publ i c  he s erves . 
Optometry fa ces a s c i enti fi c and tech n i ca l  cha l l enge  wh i ch c a n  become a n  
o pportu n i ty to devel o p  full-scope v i s i o n  care . The pro fes s i o n  has been qu i c k  
to adapt  i n  t h e  pas t and  mus t  be  aware  t h a t  o th er pro fes s i ons  w i l l n o t  rema i n  
s ta t i c  even i f  o p tometry cho o s es to do so . 
Po tenti al  ma n power s horta ges , coupl ed wi th publ i c  and government  dema nds 
ma ke  grea ter uti l i za ti o n  of advanc i n g automa ted tec h n i ques  a nd effi c i ent  use  
o f  paraoptometrtc perso nnel  i nevi tabl e .  
The probl em today t �  time . Never b efore has  automati on s hrunk  the  t i me 
s pan  o f  advances to s uch a degree . Yes terday , o n e  co u l d be  s ecure that  
change  wo ul d not be so ra p i d  a s  to  fo rce dra s t i c  personal  changes i n  a nt i c i pated 
s tyl e o f  pract i c e .  
However , yesterday technol o gy advanced o n  a t i me s ca l e o f  years , today i t  
i s  wee ks . The graduate o f  to day can  expect ra di cal cha nges to i n fl u ence h i s  
l i fe befo re  h e  reti res . 
Thes e cha nges i n  soc i ety , government , and i ndus try have no t a l l owed 
s u ffi c i ent time fo r soc io l o g i s ts , psycho l o g i s ts and o ther  beha v i o ra l i s t to 
s tudy the po tent i a l  advers e i mpl i ca t io ns of change  on the  expecta ti o ns a nd 
sati s facti ons  o f  t h e  publ i c  o r  pro fes s i o n . 
The key to reduc i ng fear i s  education . Through  educat i o n , the  s tudent 
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o f  o ptometry can  be taught how to a n ti c i pa te and  ut i l i ze automated i ns truments . 
Al s o , the publ i c  mus t  be educated a s  the pos s bi l e  benefi ts . 
Max i mum hea l th care del i very wi l 1  res ul t  only i f  thE' educat i o n  a nd 
del i very proces ses are coord i nated and coo perat i ve .  VJe mu s t  ma i nta i n  a n  o pen 
m i nd to cha nge ,  not fo r the sa ke o f  change a l one ,  but to the potenti a l s i t  
br i ngs to total v i s i o n  care for soci ety . l f  o ptometry a s  a pro fes s i on i s  a bl e  
to accept c ha nge , the end res ul t wt1 1 be a more expa nded a nd v t brant  pro fes s i o n ,  
ca pa bl e o f  meeti ng chal l enge !  
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THE USE OF COMPUTERS IN OP TOMETRY 
App endix I 
Mon te Gal l inger 
A d i s c u s s ion of automa t ion in op tomet ry would no t be comp lete w i t hout 
a more deta iled s t udy of the role comp u ters will play in t he p resent and 
future of op tome t ry . The purpose o f  this sect ion w i l l  b e  t o  p rovi de the 
reader s ome b a s i c  informat ion concerning " comp uter" sys tems , d i s cuss a 
f ew o f  t hese sys tems t he au t hor reviewed and their role in op tome t r i c  
appl i c a t ions . The s cope w i l l  b e  l imited to comp u ter devices j us t  s uperior 
to t he p rogrammable cal c ula t ors in ab i l i t y  and en d before the l a r ger 
comp uter s y s t em s  whi ch for clini cal op tome t ry could only be label�d 
"overki l l " . B il l i ng , cler i cal ,  an d paper pushing will only b e  men t ioned 
b r ie fly where t hey apply . Informat ion concerning t hese a c coun t i ng sys tems 
can be f u lly rea l i zed by c on t a c t ing any comp u ter supplier who has des igned 
these sys tems f o r  medi cine . In f a c t  much resear c h  and development has 
t aken place for a c coun t ing sys tems for med i c ine , den t i s t ry , and are 
also appli cab le for op tome t ry also . However , op tome t r i c  clinical data 
as recorded b y  the op tomet ri s t ,  the twen ty-one point exam , very d e f ini t ely 
len d s  i t s el f  to comp uter analy s i s . Comp u t er sys tems will a i d  the op tome t r i s t 
in organ i z ing data , p rovi de p a t ient recor ds for immediate recall , very 
q u i ckly d i s p l ay any grap h i c al analy s i s  des i red , norma t ive or O . E . P .  analy s i s , 
and will p rovi de more informa t ion q ui ckly thus enab l ing the doctor to better 
u t ili ze his t ime in us ing h i s  profess ional j udgement in therapy p rograms 
ins tead of numb e r  crunching . Therefore , the maj o r  thrus t wi ll addres s 
optomet r i c  clini cal d a t a  analys i s for the p r a c t i t ioner us in g  a sy s tems 
app roa ch and w i l l  remai n  as non- techni cal as pos s ib l e .  
Th i s  wri ter highly recommends a course in b as i c  comp uter programming 
for every op tome t r i s t  and ur ges op tomet ry s chools to i nclude t h i s  as 
an elec t ive course, if not a requi red course . A cours e s uch as t h i s  i s  
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o f f e red at almos t all amer ican unive rs i t ies and will t e ach t he s tude n t  
how to p rogr am . Then by under s tanding how to communic a t e  w i t h  t he 
compute r , no ma t t e r  wha t comp u t e r  device ( hardware) is purchas e d ,  the 
op tome t r i s t  can write his own p rograms ( s o f twar e )  to mee t  his s p e c i f ic 
needs . Of cou r s e  p r ewrit t en "canned" p rograms can b e  purchased and wi th 
t ime will b ecome more availab l e  for many dif fe rent uses in op tome t ry .  
At t h i s t ime , s ince op t ome t r i c  us e of computers i s  e s s ent ially non­
exi s t ent for t he p r ivate p r ac t i t ioner , very f ew gene r al p rograms are 
marke ted . During this au thor ' s  searc h  of I BM , Hewle t t-Packard , Tect ronics , 
and Processor Technology , no p rogr ams for op tome t ric c as e  analy s i s  were 
loc a t ed ( p rograms which would work on a mini-comp u t e r ) , which surely 
i s n ' t surpris ing cons ide ring t he former s t a t ement . S of twa re is available 
for account ing and will inc r e as e . Th i s  is whe r e  the money market for 
comp anys i s  loc a t e d  and why unle s s  a p rof i t  can b e  anticip a t ed to develop 
in op t ome t r ic clinical analy s i s  p ackages , the p r ac t i t ioner s hould 
b e  educ a t i onally armed to design his own sof tware . 
Mos t of us know more about comp u t e r s  t han we t hink we do . The 
me thod we would u s e  to solve a p roblem w i t h  pen cil and paper is p robably 
the s ame as t he met hod one would u s e  to solve the p r oblem us ing a compute r .  
The main di f f iculty is no t i n  knowing wha t t o  do , but in how to commun­
ica t e  wit h  the comp u t e r  to g e t  i t  to do what i s  required . We mus t 
t alk to comp u t e r s  in their language rather than ours . Also b ec aus e 
comput e r s  t ake every thing l i t e rally , t he r e  is no room for e r ror . 
We mus t u s e  ext remely p r e c i s e  language ins t ruct ions . When a comp u t e r  
makes an e r ro r , t h e r e  i s  only one p e rs on to b lame-- the p e r son who gave 
the ins t ruc t ions . The comp u t e r  will follow an incorrec t ins t r uc t ion 
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j us t  as f a s t  as a c o r r e c t  one . 
" S torage" in a comp u t e r  is expens ive , so a d i s cu s s i on o f  h ow i t  i s  
u t i l i z e d  w i l l be h e lp ful . One o f  the me asures o f  " b i gnes s "  i s  the 
s t o ra g e  s i z e  of the p ro ce s s ing u n i t . S t o rage is exp r e s s e d  in t e rms o f  
thous ands o f  p o s i tions o f  s to r age . A 1 6k memory comput er w o u l d  h av e  
s ixt een thous and p o s i t io ns o f  memo ry .  E a ch pos i t ion o f  a comp u t e r ' s  
s t or a ge circuit can h o l d  one nume ri c ,  a l phab e t i c , o r  s p e c ial charac t e r .  
The s iz e  o f  s t o rage y o u  r e q u i r e  i s  dependent o n  the s i z e  o f  t h e  p ro g r am 
and t h e  numb e r  of programs you i n t end t o  run at one t ime . The p r imary 
us e o f  pro c e s s o r  s t o rage i s  to t emp o r a l ly s to r e  the p ro gr am to be run . 
Usua l ly a f a i r ly sma l l  amo un t o f  the s to rage is res e rved f o r  d a t a , and 
mo s t  o f  the s p a c e  i s  u s e d  by t h e  p ro grams o r  ins t r u c t i on s  that o p e r a t e  
on t h e  d at a .  The d a t a  in this cas e wou l d  b e  a twenty-on e  p o i n t  exam , 
wh i ch would o c c upy a sma l l  amount o f  s t o r a ge . The op e r a t ing p r o g ram 
whi c h  t e l l s  the comp u t e r  what to do w i th t h i s  d a ta would o c cupy c on­
s i d erab ly mor e . We need only a c c e s s  one p a t i e n t s r e c o rds a t  a t im e  
s o  l e s s  ove r a l l  memory wo uld b e  n e e d e d  ( l e s s  mone t ary o u t l ay )  a s  o p p o s e d  
t o  h avi ng f ive hundred p a t i en t s  r e c o r d s  ava i l ab l e  a t  one t ime , wh i ch 
would be very cos t ly .  Rememb e r , this is p r o c e s s o r  s t o r a ge ( t emp o rary ) 
no t d i s c  or t ap e  ( l ong t e rm) s to rage . S om e t imes p r o c e s s o r  s to rage i s  
re f e r r e d  to as "wo rking" memory and d i s c o r  t ape s t o ra g e  as " s t o rage" 
memo ry . P ro c e s s o r  s t o rage wo uld b e  found in the "hardware" ( e l e c t ronics ) 
o f  t h e  comp u t e r  s y s t em ,  whe r e  as long t e rm s t o ra g e  memory would b e  
fo und i n  a " p e r i p h e ral " t a p e  o r  d i s c  uni t . P e ripheral uni t s  a r e  devic e s  
l ike keyb o ards , t ap e  machines , d i s c  record d evi c e s , a n d  p r i n t e r s  wh i ch 
a l l ow the use r t o  communi c a t e  wi t h  the main comp ut e r . Then t h e  
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comp u t e r  o u t pu t s  the result t o  the user on o ther p e r ipheral d evi c e s  like 
p rinter� or cathode ray t ub e  ( CRT ) s c reens . 
Mo s t  comp u t e rs have magne t i c  tap e d evices that may b e  a t t a ched to 
them . The recording and p l ayback wi l l  b e  the s ame as on a home recorder 
excep t that op tome t r i c  data would b e  cont a ined ins tead of mus i c .  The 
information on the tape can be use d  by t h e  computer f o r  input , p r o ce s s ing , 
and outpu t . 
Ano th e r  form o f  magne t i c  reco rding is done with a magneti c d is c ,  
wh ich i s  s omewha t  l ike a normal phonograph recor d ,  but h as magne t i c  
coa ting o n  i t s  two s ur f aces and is mo unted o n  a dis c d ri ve d evi ce . 
The computer can a c c e s s  informa tion from e i ther s i d e  o f  the d i s c qui ckly 
with o u t  " p lay ing" the ent i r e  d is c .  The new " f loppy" d i ske t t e  is an 
ex c i t ing concep t whi c h  works the s ame b u t  looks like a forty- f ive 
rpm record and is easy to handle . Us ing dis c devi c e s  large amount s  o f  
data can b e  s to red i n  a relatively small space . Typ i cally a s i ngle 
disc or tape c an s t ore f rom l OOk to 50 , 0 0 0k charac t e rs d ep ending on the 
comp u t e r  involve d . 
Tapes and d i s c s  are long term s to rage devi ces in whi ch de s i red 
port ions are act iva ted into p ro c e s s o r  "wo rking" s to r age f o r  a s p e c i f i c  
f unct ion . After the task i s  comp l e t e  the s t o rage i n f o rmation on 
the d i s c can b e  l e f t  as it i s  or rewr i t t en ( updated) . 
The mo s t  commonly used p e r ipheral output device is the p r int e r , 
whi c h  g ives a hard .copy o f  the data outp u t , can b e  read by humans . This 
output lo oks much as a typewri t t en sheet wo u l d  but i s  p r i n t ed f rom 
hund reds t o  tho u s ands o f  lines per minu t e . 
In addition to hard copy o u t p u t , the s ame d a t a  can be viewed on 
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a t e l evis ion l ike s c reen ( CRT) whe re a p e rmanent record is not needed . 
For ins tance i f  you wished t o  d i s p l ay a pat ients f indings f o r  reference 
only , you woul d s ave p ap e r  by us ing a CRT . 
An enormous va r i e ty o f  manu f a c t ur ing computer sy s t em supp l i ers 
make it ne cess ary t o  further d i s cuss general sys t em app l i c a t ions for 
op tomet ry .  E a ch manufa c t uring comp any has its own sales and t e chnical 
p e rsonel who c an a s s i s t the optome t ri s t  in des igning a spe c i f i c  sy s t em 
f o r  his needs . 
S ome f a ct o r s  considered would b e : wh a t  he can a f f o r d , the amount 
of p ro cessor (wo rking) s to rage needed , the type and amount of long t e rm 
s t orage needed , the speed o f  the s y s t em ( output ) , how eas i ly personel 
can b e  t rained t o  u t i l i z e  the sys tem ,  and wha t  the op tome t r i s t  wants 
the sy s t em to do for him . 
This wr i t e r  feels for an optome t r i s t  t o  h ave a vers a t i l e  sys t em 
several b as i c  comp onent s  are necess ary in addi t ion t o  a comp ut e r .  
The t e rm " c omput e r " c an be a very general t e rm to des cribe a sma l l  sys t em 
o r  a b i l l ion d o l l ar government sy s t em .  For opt omet ry , t he t e rm the 
indus t ry uses t o  des crib e the type of sys tem needed is "mini- computer" . 
Generally , a min i-computer i s  a sys tem whi ch c an look l ike a large desk 
top calcula tor o r  b e  c o n t a ined in a normal size b us ines s de s k ,  yet 
have full computer capab i l i t ies . In f a c t  these mini-comp uters are 
b e c omming in credibly s ophis t i ca t ed sys t ems and l ike full computer sy s t ems 
are p rimarily l imited in fun c t ion by the operators ab i l i ty . For 
c omp l ex s c ien t i f ic research p rob lems or large bus ines s app l i c a tions , 
expens ive comp ut e r  sy s t ems w i t h  speed and large s to ra ge capaci ties are 
n e c e s s a ry . Fortun a t ely in c l i n i c a l  op t ome t r i c  app l i c a t ions , the 
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prob l ems to b e  sol ved are r e a l ly very simple when compared w i t h  t he former . 
There fo re min i- comp uter sy st ems can be u t i l i z e d  w i t h  the assuran ce tha t 
t hey will be more than adequate .  The p rograms needed are also simplist i c . 
The importance o f  th is next s t a t ement st ands alone and deserves 
sp e c i al emphasi s .  Almost any d a t a  proc essing ( a c coun t i ng )  sy stem sol d  
t o  smal l  b usiness (mini- comp u t er )  whi ch is designe d  for clerical 
work , is suf f i cient t o  p erf orm any � the cli ni c al op t ome tri c analysis . 
Usually w i t h  1 i t t le or no extra exp e nse t he sy stem c an b e  d ire c t ly 
u t i l i z e d .  Therefore i f  a sy stem i s  p urchased t o  d o  b illing and c l erical 
work , why not use it for o ther o p tometri c app l i c at ions? This woul d 
b e t t er use the eq uipment p l us save t ime and could provide b e t t er care . 
At this t ime some extra educa t i o n  ( possibly se l f  t augh t )  is a l l  that 
is required o f  the o p t ometrist . 
Wh en a min i-comp u t er sy stem is c hosen some p erip heral uni t s w i l l  b e  
required t o  b est a dap t i t  for op t ometri c use . The floppy d isc sys tem 
is more e f f i c i en t than the tape drive long t erm storage system and also 
has mu ch more st orage c apab i l i ty . The f loppy d isc system is also 
recommended b e cause o f  i ts ease of use . The d iscs look l i ke for ty-five 
rpm records and are inexp ensive , thus add ing t remendous storage capab ili ty . 
Ano ther n e c essary p erip heral is a prin t er .  This w i l l  al l ow hard copy 
print outs an d b i l l ing forms to b e  produced easi ly . To summari z e ,  
t he op tometr ist shou l d  have t he mini- comp u t er ( usual l y  inc l u d es a key­
b oard f or inp u t ) , a prin ter , and a f l oppy d isc drive for long term 
st orag e . These are the esse n t i als and dep ending on t he sy stem brand 
chosen wi l l  also inc l ude CRT screens p l us vari o us s i z es of proc essor 
memory . This system will enab l e  the opt ome trist to use any form of 
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analy s is he des ires , enab le him to des i gn h i s  sys t em to meet h i s  
speci f i c  needs , dec rease c l e r i cal persone l , in crease his availab l e  
t ime w i th pat ien ts , g ive him t r emendous amoun t s  o f  d a t a  at h i s  f inger­
t i p s , s t ore imp o r tant f inancial dat a ,  compute income taxes , s alaries , 
expens es , and ease his wo rkl o a d  once he has adap ted to the sys tem. 
The mini-comp u t e r  s y s t em will not d e c rease t he op tomet r i s t s  r o l e  i n  
p a t i en t  care and p r o fes s i onal j udgemen t , b u t  ins tead a llow him to do 
what he is t rained to do , to be a d o c t o r .  Computers w i l l  never comp l e t e ly 
repl a c e  vis ion care o p t ome t r i c  p ract i c ioners . 
Acce s s o r i e s  that are nice add-ons i f  no t p rovided as a p a r t  o f  the 
sys tem are : CRT s c reens for d i s p l ay ing dat a ,  extra user l anguages f o r  
increas e d  vers a t i l i ty , and game p a ckage p rogrammes f o r  p a t i en t s  whi l e  
they are wait in g .  Th i s  l i s t  will increase wi th t ime as t e chnol o gy marches 
fo reward .  
Speed o f  execut ion , e s p e cially in output p eriph e r al s , is s omething 
to b e  cons i d e red . Some p rinters w i l l  p rint eighty l ines p e r  minut e ,  
o thers one thous and l ines p e r  minute, and various s t ep s  inb e tween . F o r  
indu s t ry where p ap erwo rk vol umn o u t p u t  is imp o r t ant , t h e  f as t e r  the 
b e t t e r .  F o r  o p tomet ry , the s lower uni t s  w i l l  b e  quit e  adequa t e , s t i l l 
fas t e r  than humanly p os s ib l e . Some mini- computers wi l l  t ake three 
s e conds to comp u t e  a certain numb er o f  p rograms , others w i l l  do the s ame 
s e t  i f  ins t r uc t i ons in one hund r e d  mi l li - s e conds . Again , o p t ome t ry 
doesn ' t  need the super fas t uni t s . The s l ower uni t s  c o s t  l e s s  generally . 
I t  woul d t ake the op tome t r i s t  hours to do wh a t  the comp u t e r  w i l l  d o  i n  
s e cond s . 
The b a s i c  sys t ems cons is t ing o f  mini- computer , f loppy dis c dr ive , 
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CRT s creen , can cos t anywh ere from s even thousand t o  f i f t een thous and 
dollars at to day s  rate . The s e  sys tems a l l  basi cal ly do the s ame thing 
but in d i f f e rent ways by d i f f e rent companys . Maintenance is cons ide red 
by s ome companys in the purchase p r i c e  and o thers charge mon th l y  f ee s . 
S p e c i f i c  details vary with e a ch manuf ac turer and w i l l  no t b e  dis c us s ed 
in this pap e r . Manuf ac t ure r ' s  marke t reput a tions a l s o  f igure in and 
are a part o f  amer ican cons umerism, no t this paper . 
We have s e en the e l e c t roni c revo lut ion change a l l  a s p e c t s  o f  
o ur l ive s . This writer is cert ain that computers wil l find in creased 
u s e  in the f u t ure o f  op tome t ry . Would it no t b e  b e t t e r  for op t ome tris t s  
to invo lve them s e lves with the app l ication o f  comp u t e r s  i n  op tome t ry 
t o day , ins tead o f  f inding them s e lves d i c t a t ed to l at er by indus t ry ?  
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